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The main passenger station building of the new Milan station, 


By ALserto FAVA, 


ENGINEER, WORKS DEPARTMENT OF THE ITALIAN STATE RAILWAYS. 


Figs. 1 to 9, pp. 539 to 549. 


(Rivista tecnica delle ferrovie italiane.) 


The wonderful enthusiasm with which, 
in recent years, the design and execution, 
of all larger transportation 
have been tackled, quickly resulted in 
the twenty year old problem of the re- 
arrangement of the railway services at 
Milan being completely solved on broad- 
ly conceived lines and on an ample 
scale. 

The-construction of the different parts 
of the buildings of the new Central pas- 
senger station having recently been put 
in hand, the time has come to provide 
without further delay the roof over the 
‘station itself, 

The type of roof to be used was under 


- consideration for a long time. 


It was first of all proposed to put down 
twenty-four platform lines, arranged in 
pair, with platform 9 m. (29 ft. 6 in.) 
wide between each pair for use indiscri- 
minately by passengers, luggage, parcels, 
Post Office bags, hampers, and other 
_ accessory services of all kinds. 


ViI—1 


problems — 


The whole of these platforms were to 
be covered by separate steel platform 


roofs, carried on two lines of columns 


following the usual practice in the mo- 


dern stations built by the Italian State 


Railways. 

When the first enquiry was held, it 
was realised that, as far as possible, the 
interference with the movement of pas- 
sengers caused by the cther above-men- 
tioned services using the platforms at the 
same time should be avoided. With this 
object in view, it was proposed to install 
on each platform two lifts to deal with 


luggage, express parcels and Post Office 


bags, with a network of underground 
passages connecting the lifts with the 
cloak rooms on the arrival and depar- 
ture sides, with the accumulator charg- 
ing shop and with the Post Office accom- 
modation. : 

It was immediately realised that even 
with such an organisation, the movement 
of passengers would always be inter- 
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rupted near the lifts as also by the plat- 
form trucks when in or out of use. An 
investigation was then made into the use 
of mechanical appliances, including 
amongst others, a system of moving belts 
with traps and inclined planes for 
handling small parcels and postal bags. 

But when the design of the whole of 
the constructional work based on these 
ideas had been gone into, and the work- 
ing of the proposed equipment consider- 
ed in relation to the different composi- 
tions of the trains, we were obliged to 
admit that this also was not the best way 
in which to realise the desideratum of 
not interfering with the movement of 
passengers on the platforms. 

It became necessary therefore to decide 
upon a service platform between each 
pair of lines equipping them with lifts, 
all loading and unloading, all inspection 
and accumulator handling taking place 


‘on these platforms, as well as watering 


the carriages, brake and heating inspec- 
tion, and draw and coupling gear exam- 
ination. As a result of this solution the 
number of lifts can be increased by al- 
locating them specifically to arrivals, 
departures, transfers, postal service, and 
correlatively therewith the system of un- 
derground passages has been consider- 
ably simplified. 

Owing to the little room available, it 
was not possible to make these service 
platforms very wide : they were made 
4m, (13 ft. 1 1/2 in.) wide, which allows 
two platform trucks to pass one another: 
as regards the passenger platforms, the 
width was fixed at 7.35 m. (24 ft. 1 in.) 
thereby exceeding that of the platforms 
originally suggested which, although 9 m. 
(29 ft. 6 in.) wide only left a clear width 
of 5 m. (16 ft. 5 in.) for the passengers. 
These widths were not very large : none 
the less they made it necessary to give 
up one pair of lines, reducing the num- 
ber from 12 to 11. 

The introduction of service platforms, 
owing to the restricted space available, 
had a very important consequence : it 


became necessary to give up the idea of 
using a separate platform roof over each 
platform, and substitute a continuous 
roof. The columns of the separate roofs, 
being many and close together, would 
in any case have taken up too much room 
on the passenger platforms, and would 
have reduced the useful width of the 
service platforms too much : in fact, it 
would have been impractical to have 
erected them at all as they would have 
impeded the movement of the platform 
trucks. 


For the same reasons, as well as for 
others of a different character, the use 
of a covering consisting of a number of 
small roofs, each over a pair of lines, 
with the supporting pillars on the ser- 
vice platforms, similar to the construc- 
tion used abroad in some recently built 
stations, did not seem desirable. 


The substitution of a large span roof 
for the platform roofs was thus directly 
inspired by the requirements of the ser- 
vice. There is no doubt but that such 
a roof has many advantages as regards 
the passengers, who are given much bet- 
ter protection : in practice the platform 
roof, owing to the short distance it can 
project beyond the platform owing to 
the restrictions now imposed by electric 
traction, does not provide a very efficient 
protection against bad weather. 


From the artistic point of view also, 
large span roofs are undoubtedly far 
more decorative and are more in keeping 
with the grandiose scale of the new sta- 
tion as a whole, 

The construction of a continuous roof 
presents many difficulties, owing to the 
conditions to be complied with as re- 
gards the passenger accommodation and 
the underground passages of the station; 
all of which had all been agreed when 
the radical change in the roof was ap- 
proved, to meet the platform type of 


roofing proposed, work, in fact, having 


been begun on them. As a result the 
design of the station roof had to be care- 
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Fig 4. — General view of the station building. 
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fully subordinated to the layout of the 
other buildings, 

In a preliminary scheme, the part 
lying between lateral buildings was to be 
covered by three roofs, the middle 56 m. 
(183 ft. 8 3/4 in.) and the other two 
64 m, (210 feet) across, these being flank- 
ed outside the lateral blocks of buildings 
by two other roofs of about 10 m. (32 ft. 
9 3/4 in.) span. 

With such an arrangement, the two 
large roofs abutting on the lateral build- 
ings would have made the rooms looking 
on to the station much less habitable, 
whilst at the same time architectural re- 
quirements, would have made those look- 
ing to the outside less convenient in use. 
Furthermore, the use of ‘a central roof, 
smaller in size than the two lateral, hard- 
ly satisfied the aesthetique point of view. 

As a result, in the final design the 
layout was somewhat modified. Al- 
though retaining the three large roofs 
proposed, the span of the centre roof was 
increased, whilst the two adjacent arches 
no longer abutted on to the lateral build- 


‘ings, but were kept about 10 m. (32 ft. - 


9 3/4 in.) from them so as to open up 
completely the rooms in the main build- 
ing. 

As regards covering over the space be- 
tween the main roofs and the above-men- 
tioned lateral buildings, the scheme pro- 
vided for the construction of two small 
roofs which were continued over the 
building by two roofs of larger size. 

The general layout of the roofing, go- 
verned in plan by the arrangement of the 
- lines platforms and underground pass- 
ages which, as we have already noted, 
had been taken in hand, was decided 
upon as follows: in the centre, an arched 
roof of 72 m, (236 ft. 2 5/8 in.) span, 
with a clear height at the centre of 
33.50 m. (110 feet) : on each side thereof 
two other arched roofs of 44.90 m. 
(147 ft. 3 9/32 in.) span with a clear 
height at the centre of 22m. (72 ft. 
21/8 in.) : alongside these latter, along- 
side the two lateral buildings, two small 


roofs of 11.80 m. (38 ft. 8 9/16 in.) span 
with a maximum height of 9 m. (29 ft. 
6 5/16 in.); and finally beyond the la- 
teral buildings, two roofs of 21.15 m. 
(69 ft. 4 5/8 in.) span with a maximum 
clear height of 11.50 m. (37 ft. 8 3/4 in.). 

Of the four lines of columns carrying 
the three main roofs, the two of the mid- 
dle rest on the passenger platform, which 
was increased in width to make up for 
the room taken by them from 7.35 m. 
(Q4ott= 153-78 in.) to -8.40 am, (27. ft. 


6 11/16 in.); the two side rows rest on 


two service platforms which were in 
consequence widened from 4 m. (13 ft. 
1/22) 0,520 OMe CLS sttet/ 2am): 

The total length of the roofing was 
fixed at about 341 m. (1 118 ft. 9 in.), the 
total surface covered over being 66 500 m2 
(79 540 square yards). 

The general features of the scheme for 
the roofs are clearly illustrated by fig- 
ures 4 to 9, which shew the layout as a 
whole and certain of the most charac- 
teristic details. We'will limit ourselves 
to describing some of the ideas on which 


~ the design of this important structure 


was based. 

The main girders of the three large 
roofs are apparently formed of three con- 
tinuous arches jointed at the supports 
and at the top centre. A design of this 
kind is statistically indeterminate owing 
to the continuity of the arches above the 
intermediate supports, and it was consi- 
dered desirable to overcome this inde- 
terminateness in order to avoid the hy- 
perstatic thrusts resulting from changes 
of temperature. The system was there- 
fore made statically determinate by in- 
troducing two further joints at the points 
of junction of the main girders of 
44,90 m, (149 ft. 3 9/32 in.) span with 
those of 72 m, (236 ft-25/8 in.) span. In 
this way, each girder is composed of an 
arch with three joints. The scheme pro- 
vided for three joints, also for the small 
roof girders, so as to limit exactly the 
thrusts transferred to the building. 
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Fig. 4, — peste layout, 


Haplanation of Italian terms: Larghenza totale della tettoia = Overall width of the Stet 


Lunghezza totale della tettoia = Overall length of the station, 
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Fig. 6. — Development of the outside of the 44.90 m, (147 ft. 3 9/52 in.) and 72 m. (236 ft. 2.5/8 in.) span arches. 
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As the girders correspond with the 
construction of the lateral buidings and 
to the location of the subways under the 
station they are not spaced at equal dis- 
tances apart: the centres vary from 
HE SQeiiee (So. thy Oeo/ lOmTt) atone. 82m 
(42 ft. 3/4 in.). 

For constructional and artistic reasons 
the purlins have not been erected verti- 
cally, but radially and, as owing to the 
wide spacing of the main girders, they 
have a long span, they are subjected to 
veverse stresses at the lower ends, the 
design has made provision for these parts 
to carry the stresses in question. This 
has been achieved chiefly by scientifical- 
ly varying their section as the slope in- 
creases in relation to the vertical : in 
addition, holding braces for fastening 
them to the girders have been provided 
at a distance of 2.30 m. (7 ft. 6 9/16 in.) 
therefrom; finally, the sections of the va- 
rious purlins have been tied together at 
these points with strong braces so as to 
overcome any tendency of the sections 
to turn. 


Every fourth span, the purlins have a 


free sliding joint so that, as regards the 
effect of the expansion caused by tem- 
perature variations, the roof is divided 
into sections of a length not exceeding 
50 m. (164 feet), 

In view of the magnitude of the work 
and the long life it must have, ample al- 
lowance has been made for any oyer- 
loading. 

The calculations were made in accord- 
ance with two hypotheses : first of all, a 
vertical loading uniformly distributed, 
of 120 kgr. per m? (24.60 lb. per square 
foot) of the covered area was taken 
the different members were checked on 
the basis of a vertical load of 50 kgr. 
(10.25 lb.) and at the same time a hori- 
zontal thrust due to wind of 150 ker. 
per m2 (30.75 lb. per syuare foot) of the 


area usually acted upon. 


In view of previous exeperience, which 
shewed that the lighter members of roofs 
exposed to the sulphurous gases of loco- 
motives were subject to quick corrosion, 
thereby limiting the life of many build- 
ings which in the essential parts, ought to 
have had a much greater life, it was con- 
sidered desirable to avoid using in any 
load carrying parts a thickness of less 
than 10 mm. (25/64 inch) even when 
much thinner sizes would have met the 
theoretical requirements. i*urithermore, 


the use of small trellis work was not per- 


mitted in the arches cf the smaller gir- 
ders, the arcades and braces, all of which 
were made of sections of plain web. 
The large girders of the roofs alone, in 
accordance with the scheme, were built 
as trellis girders, because in this case 
without heavy cost the trellis work can 
be built up of very thick bars. 


By this almost complete avoidance of 
trellis work, it is also thought a consi- 


derable improvement has been achieved 


from the artistic point of view, through 


_the resulting simplicity of the dines, and 


the avoidance of the interlocking and in- 
terlacing of the members so often seen 
in roofs, even of smaller size. 


As a result of the very careful investi- 
gation into the project based on the 
above-mentioned principles, which were 
inspired by the desire that the life of the 
structure should not be sacrificed for 
any immediate small saving that might 
have been effected, the weight of iron 
for all the members, excepting only those 
of the clerestories and of the windows, 
is as follows: for the 72-m. (236 ft. 
2 5/8 in.) roof, 145 kgr. per m2 (29.70 Ib. 
per square foot) of area covered: 
120 ker.:per m? (24.60 Ib. per square foot) 
for the 44.90 m. (147 ft. 3 9/32 in.) roof : 
84 kgr. per m2 (17.20 Ib. per square foot) 
for the small roofs, an average of 123 ker. 
per m? (25.19 Ib. per square foot) of the 
covered area. 
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Principal dimensions of certain large railway stations. 


NAME 
OF THE STATION. 


TYPE 


OF STATION. 


(feet 


Lille Arch. 


Antwerp . Arch. 


( 


Cologne 3 arches. 


Arch. 
Berlin-Anhalt 
Central arch. 


2 side arches. 
Dresden 
A small arch. 


Bremen Arch. 


Frankfort-on-Main . 3 arches. 
Bordeaux-St. Jean . Arch. 


Marseilles-St. Charles. Arch on walls. 


45 


6 large arches. } 


Leipsig 
2 small arches, 


(49 ft. 2 in.) 


Turin . Arch. 


(154 ft. 3 in.) 


It should be observed that in the main 
station building at Hamburg, so far as 
we know, the only one amongst European 
railway stations (excluding England) 
having dimensions comparable with 
those of the mew station at Milan, the 
weight of the roof carrying steel work 
was 135 kgr. per square metre (27.65 Ib. 
per square inch), although the outside 
was covered with much lighter material, 


S namely corrugated iron sheets. 
ae As regards the various parts making 
a up the covering, it will be noted that to 


ensure the interior being well lighted, 


Width, 
in metres 


65.35 
(214 ft. 5 in.) 


213 feet) 


63.50 
(208 ft. 4 in.) 


62.50 


(205 feet) 


(193 ft, 7 in.) 
30.75 
(100 ft. 11 in.) 


32.00 
(105 feet) 


(31 ft. 2 in.) 


59.30 
(194 ft. 7 in.) 
56.00 
(183 ft. 9 in.) 


55.90 
(183 ft. 5 in,) 


54.92 
(180 ft. 1 in.) 


(147 ft. 8 in. 
to 139 ft. 5 in.) 


Length, Height 
in metres Eee centre, 
metres 


and inches)|(feet and inches) (tet rund Prcheat 


Area covered 
in 
Square metres 
(square feet) 


10 641 
(114 542) 


41 365 
(122 336) 
48 577 
(522 897) 


10 500 
(113 025) 


162.84 _ 
(534 ft. 3 in.) 


175.00 
(574 ft. 2 in.) 
255.00 
(836 ft. 7 in.’ 
168.00 
(551 ft. 2 in.) 


174.00 
(570 ft. 10 in.) 


32.50 
(106 ft. 8 in.) 


24.00 
(78 ft. 9 in.) 


15.00 
(49 ft. 2 in.) 


28.65 
(94 feet) 


64.94 


59.00 


240.00 
(787 ft..5 in.) 


16.75 
(54 ft, 10 in.) 


9.50 240.00 


(787 ft. 5 in.) 
434.00 
(429 ft. 9 in.) 


186.00 
(610 ft. 3 in.) 


296 .96 
(974 ft, 3 in.) 


159.20 
(522 ft. 4 in.) 


27.10 
(88 ft. 11 in.) 


28.60 
(93 ft. 10 in.) 


25.80 
(84 ft. 8 in.) 


26.74 
(87 ft. 9 in.) r 


7 768 
(83 617) 


31 248 
(336 363) 
46 600 
(178 687) 


8 743 
(94 112) 


From 
to 42.50 


203.90 
(669 feet) 


20.00 


(65 ft. 7 in.) 60 150 


(647 472; 
15.00 203.90 


(669 feet) 


437.00 
(449 ft. 5 in.) 


47.00 6 439 


(69 311) 


30.00 
(98 ft. 9 in.) 


almost one half has been glazed : the 
scheme includes large clerestories with 
reinforced glass and special glazing with- 
out putty. 

“Care was taken to balance the glazed 
and opaque areas; and in order to give 
a sense of movement to the large roofs, 
it was arranged to use in addition in 
each roof two lines of large lunettes. 

These were not provided for deco- 
rative purposes alone : they will mate- 
rially assist the ventilation of the build- 
ing and the extraction of smoke in con- 
junction with a series of ventilators to 
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Fig. 9. — Pillar between the main girders of 72 m. (256 ft. 2 5/8 in.) 
and 44.90 m. (149 ft. 5 9/32 in.) span. 
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be fitted along the top of the arches in 
the positions found most convenient at 
the time. 

For covering the parts, not to be glaz- 
ed, various materials were considered. 

C orrugated iron sheets were put aside 
at once, in spite of their extreme light- 
ness. Practical experience has shewn 
that galvanised sheets used to cover in 
stations are subject to rapid deteriora- 
tion, whilst there is insufficient know- 
ledge of the lead or aluminum covered 
sheets now being tested by the Italian 
State Railways. 

The use of slabs of reinforced con- 
crete made from pumice stone, now lar- 
gely used in Germany, was considered, 
and a number of tests were made or 
them : it was finally decided not to‘use 
this material, although it is now made 
in Italy, as, in spite of the pumice stone 
in it, it is relatively heavy. 3 

The use of reinforced hollow tiles, Per- 
ret, Italia and other patterns, although 
they are suitable for industrial purposes, 
would have resulted in too crude a cover- 
ing, which would not have harmonised 
with the character of the structure, even 
ignoring the doubt there is as to their 
life in service. 

In the approved scheme, provision 
was made for a covering in artificial 
slate sheets carried on a strong wood 


[ 628 145.2 ] 


framing with panels and frames. <A con- 
struction of this kind supported on 
wood, sufficiently light, and lending to 
the whole a very decorative appearance, 
ought not to give rise to much anxiety, 
either as regards fire, which may be con- 
sidered as impossible in view of 
the great height, or as regards main- 
tenance, which in our other  sta- 
tions is not very heavy. The proof is 
that in other countries, an outer roof in 
wood is often the one most frequently 
used for stations, although so many other 
materials are now available. None the 
less, it remains to be seen if the part in 
wood cannot be completely eliminated. 

To end up, it should be noted, as regards 
the final operations, that in view of the 
unusual size of the structure, immedia- 
tely the metal framework was erected, 
full size models of the wood roofing, the 
windows, and the lunettes were made. 

The order for the construction of the 
steel work has recently been placed with 
the < Societa Nazionale Officine di Savi- 
eliano », at Turin, for the centre arch, 
the « Societa Cantieri Navali ed Ac- 
ciaierie >», at Venice, and the Aurora 
Works of G, Della Carlina, Engineer, for 
the other bays. The contracts for 
the other work will be let shortly. If, 
as there is no doubt it will, the work 
proceeds as expected, the grandiose struc- 
ture will be completed in 1929. 


The manufacture of sound rails by the Gourthéoux method of rolling, 


By Louis PICHARD, 


ENGINSER OF THE HAGONDANGE WORKS, 


Figs. 1 to 10, pp. 552 to 557. 


(Le Génie Civil.) 


The problem of the manufacture of 


rails is one of the most important before 


the heavy steel industry. In this matter, 
everything should be directed towards 
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perfection, seeing that the rail not only 
acts as main girder, but also is subjected 
to very heavy duty due to the fact that it 
is at the same time a track upon which 
rolling occurs, 

These two features or functions were 
definitely separated when rails were first 
used as, in the mines, the track was built 
up of pieces of wood covered by a thin 
strip of metal; at the present time, they 
are still sometimes separated more or 
less completely as, for example, when 
crossing bridges, in which case the rail 
rests either on the stringers or directly 
on the main girders of the bridge; usual- 
ly, however, the two functions are com- 
bined, and this combination is the diffi- 
cult part of the problem. 

The effect of the shape is very definite: 
one of the flanges of the girder is en- 
larged into a massive head; its effect is 
still greater on the strength of the metal, 
as the decision to use the hard quality 
is solely due to the consideration given 
to the question of roiling wear. Now, 
with the hard quality, we very quickly 
get a considerable degree of segregation, 
this. segregation -preponderating in the 
base of the head, or even extending 
through the greater part of it. As, fur- 
thermore, the head is large, it is the seat 
of internal stresses due to irregular cool- 
ing, as we have shewn in an article in 
the Génie Civil of the 29 January 1927. 
Finally, the top layer of the rail head, 
the only-part which can be more or less 
completely sound, is pressed out, gather- 
ed up, heated and even tempered, in fact 
is very much maltreated in.use : and it is 
this head which is too often likely to be 
defective that has to stand a fatigue of 
the order of 30 stresses to the second (*). 

This explains why the statistics shew 
that, outside failures at the joints, there 
are practically only failures originating 


(1) See Génie Civil, 29 January 1927 (vol. XC, 
No. 5, p. 422); see also Bulletin of the Interna- 
tional Railway Congress, number for August 
1927, p. 686. 


in the head and very often from the in- 
terior thereof. We think that, except in 
cases when the rail foot is also very mas- 
sive and then has from many points of 
view a liability to weakness similar to 
that of the head (oval mark in the foot 
in America) if a fracture start from the 
foot it is the result of a local defect, the 
position of which is due to chance (2). 

It is therefore the head of the rail that 
should receive attention. There are two 
ways of preventing the stress it is sub- 
jected to from giving rise to defects : 
first by assisting it and secondly by im- 
proving it. 

li can be assisted in certain special 
cases by relieving it completely of its 
role of girder. For example, a section 
of line subjected to frequent slipping and 
at the same time to the passage of trains 
at high speed is a matter of great anxiety 


for the permanent way staff: slipping . 


gives rise to cracks which grow if the 
metal be unsound and because it works 
in tension. If such a section of line were 
carried on properly cross-braced longi- 
tudinal members, each rail resting on a 
continuous bearing, to some extent elas- 
tic, there would no longer be localised 
reactions from the sleepers, nor would 
the head be subjected to tensile stresses 
at the rate of 30 to the second. We rea- 
lise that an arrangement of permanent 
way of this kind has its objections, but 
it may have to be considered in particu- 
lar cases of this kind. 

_ As regards improvements, we will not 
quote those being taken to get better me- 
tal, as even a brief description thereof 
would be outside the scope of this article, 
and furthermore most of them can be 


(4) The breakages occurring when testing rails, 
in accordance with the post-war specifications, and 
which have been investigated by the Committee on 
Rails, are almost entirely fractures starting in the 
head. Segregation therein (bar from the head of 
the ingot) or the inclusion of mild steel (bar from 
the foot with insufficient discard) are most fre- 
quently the predominant causes of these fractures. 
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made at the same time as those we will 
now mention, 

First of ali, as affecting the head, we 
will consider the heat treatment thereof. 
Whether it be the Sandberg process in 
use at the Hagondage Works, or that of 
Neuves-Maisons, it was thought the treat- 
ment would only improve the metal in 
the head as a wuole, and in fact produce 
a difference of hardness between the web 
and the rolling surface. The difficulty 
lay in getting a graduated treatment with 
a subsequent automatic annealing : the 
readers of the Génie Civil are aware of 
the way this has been done at these two 
Works (1), but it may be said that treated 
or not the rail with unsound head re- 
mains suspect. As we cannot prevent a 
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Fig. 14. — Parting the ingot. 


The ingot, first of all rolled as a bar, 
is separated into two parts by rolling 
(fig 1). It is first of all passed through 
a parting roll which roughs out the work 
of cutting and starts in addition to roll 
down the angles; a second parting roll 
completes the separation and also rolls 
out the web which, in addition to ensur- 
ing greater regularity in rolling, has the 
advantage of making it impossible subse- 
quently to change the faces of the result- - 
ing blooms. 

The macrograph of a rail with only 
8 % discard reproduced below (fig. 2) 


(1) The Sandberg process was described in the 
Génie Civil of 4 January 4949 (vol. LXXIV, No. 4, 
p. 15) and the results obtained were given in the Génie 
Civil, 10 January 1925 (vol. LXXXVI, No. 2, p. 144). 

The Neuves-Maisons hardening process was des- 
cribed in the numbers of the Génie Civil, '7 February 
1925 (volume LXXXVI, No. 6, p- 140) and 5 June 
1926 (vol. LXXXVIII, No. 28, p. 509). 


rail with unsound head from being pass- 
ed, in spite of the tests, which cannot be 
multiplied indefinitely, how are we to 
make systematically impossible the pres- 
ence of segregation in the rail head ? 

Mr, Courthéoux, Manager of the Rol- 
ling Mill at the Hagondange Forge and 
Steel Works, has recently solved this 
problem by keeping the head well away 
from the centre of gravity of the zone 
presumed to be segregated and leaving 
in it only sound metal. 

Even from the tops of the ingots, rails 
are got with sound heads by cutting the 
ingots in two in the direction of their 
length, and by keeping in each half for 
the making of the head the two opposite 
faces before cutting. 


shews that the web of the rail is also im- 
proved, especially in the upper part, as 
it was expecied, seeing that it is made 
from the metal farthest from the centre 
of the ingot. This difference will be 
particularly appreciable at the joint, the 
defects of which belong to two classes. 
In the first group, fissures at 45° start 
from the top of the holes which have 
been hammered by the bolts, whereas the 
interior fissures only occur when the 
wear of the whole assembly is very far 
advanced (fig. 3): in the second group, 
the hammer of the wheels on the rail end 
has the effect of splitting transversely 
the top, the rolling surface usually fairly 
sound generally remaining whole at first 
(fig. 4). In the two cases it was of great 
importance to make the top of the web 
sound, se 

On the other hand, the rail foot has to 
suffer. Before estimating to what ex- 
tent, it should be noted that it is only. 
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Fig. 2. — Section of a rail of 8 °/. discard. 
_ (Etched by Oberhoffer’s reagent.) 


Fig. 3. Fig. 4. — Splitting 
Fissures round the holes. of the rail head. 
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affected in its central part and that the 
wings remain formed of sound metal. 

We should, however, consider if this 
foot, possibly defective in the same way 
and place as the head, may not cause as 
much trouble as that eliminated  else- 
where. We hardly think so, as having 
no rolling surface it becomes a part of a 
girder : furthermore, the metal is very 
much worked and owing to its thinness 
its « thermic history » is better than that 
of the head. In spite of these advant- 
ages, there will probably be Courthéoux 
type rails with defects in the foot ; some 
of these will be observed in time (this 
will be easier to do than in the case of 
the head) but it is likely some will not 
be noticed in time. Will they increase 
the proportion of broken rails ? 

With the rails now in use. out of 100 
breakages 50 occur at the fish plates, 
45 begin in the head, and only 5 in the 
foot. 

The Courthéoux rail will be better as 
regards the first case, as we have just 
shewn. The cases of failure in the head 
and foot remain: the great dispropor- 
tion of these fractures and ail the rea- 
sons we have given on the shape and 
stresses in these parts of the rail make 
us think that their total will be certainly 
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less or even a minimum with the Cour- 
théoux rails. 

Several years of actual use alone can 
confirm or disprove our argument. The 
railway companies will certainly agree 
to test the new type of rail which, fur- 
thermore, has already given tangible 
proof of its superiority under the drop 
tests as the following table clearly shews. 

Furthermore, the introduction of the 
Courthéoux rail should result in a fur- 
ther investigation into the formula for 
the drop test which was got out in order 
to find rails presumed to be defective 
under the rolling surface ; the need for 
this test will be, in fact, of secondary 
importance, and it will probably become 
more necessary to shew up those rails 
with the foot too defective, that is. to in- 
troduce a test of abrasion of the undoub- 
tedly sound wings and to drop the tup 
on to the head of the rail so as to put the 
rest of the foot into tension. 

Onthe other hand, the Courthéoux rail, 
which it has been said will get found the 
present drop test, can be placed at a dis- 
advantage if the test is carried too far: 
in practice it is known that the tup re- 
bounds and the rail rocks over: when 
the tup falls again it strikes and bends 
one wing, and blow by blow the trouble 


Figs. 5 to 7. — Fracture « on support ». 


increases until we get a « split foot > a 
defect that frequently results in a pre- 


mature and abnormal fracture, known as 
« fracture on support > (figs. 5 to 7): the 
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longitudinal fissure ab gives birth to two 
transversal branches : one cd cults across 
one of the wings, and the other ce cuts 
through the web and the head to end at 
the support. Personally, we had expect- 
ed this particular weakness of the Cour- 
théoux rail under the drop test now spe- 
cified and were pleased to see that in 
spite of everything it took a long time 
to reveal itself. 

The behaviour of the rail in service is 
very different from that of a rail with 
the foot cracked by repeated blows, and 
in conclusion we are convinced that 
Mr. Courthéoux’ method will be consi- 
dered of sufficient value for the Railway 
Companies to give it extended applica- 
tions. 


* 
* * 


We think it will be of value to repro- 
duce below the letters Messrs. Courthéoux 
and G. Charpy wrote to the Editor of the 
« Génie Civil » after the publication of 
the article by Mr. Pichard. 


The manufacture of sound rails. 


The Editor of the « Génie Civil >, 


In your number of the 31 December 
1927 you published an article by Mr. Louis 
Pichard entitled : « The manufacture of 
sound rails by the Courthéoux method of 
rolling ». This article was noticed by 
my former Chief, Mr. G, Charpy, Member 
of the « Institute >, who has called my 
attention to the fact that he described as 
long ago as 1918 the method of rolling I 
had thought I had discovered myself. 
The examination of the patent he has 
sent me leaves no doubt as to its priority 
which I fully admit, and which I hope 
you will have the kindness to bring to 
your readers’ notice by inserting this 
letter, 

I think I can add that if I have come 
into contact with Mr. Charpy in this 
work, it is undoubtedly due to the fact 
that my work has been constantly inspir- 


ed by the principles he shewed me to be 


necessary if steel products of high qua- 
Ity are to be obtained, when, as a young 
Engineer, I was working under him. 
I remain, etc., 
CouRTHEOUX, 
Engineer at the Hagondange Works. 


The Editor of the < Génie Civil >, 


I wish to thank you for having shewn 
me Mr. Courthéoux’ letter, which he 
wrote of his own accord when I sent 
him my earlier article. The similarity of 
the ideas at which we have arrived inde- 
pendently is really very striking. 1 much 
regretted having to disillusion an able 
and keen engineer, although so far as I 
was concerned I had the satisfaction of 
noting a new experimental verification 
of the general principles which had 
guided me and which I have always en- 
deavoured to inculcate into the young 
men placed under me. 

I have on numerous occasions taken 
advantage of the hospitality of the Génie 
Civil to expose certain of these prin- 
ciples, and there is therefore no need to 
go over them again : I will limit myself 
consequently to pointing out that when 
describing in 1918 a « Process for elimin- 
ating the defects due to piping and se- 
gregation in ingots of steel and other 
metals >, I recommended that the ingot 
should be split, not at right angles to, 


but parallel with, its axis. This made it 


possible to follow the form of the piping 


_and consequently to reduce the propor- 


tion of sound metal removed in the dis- 
card : at the same time the peripherical 
regions can be separated from the cen- 
tral parts, and in this way a much more 
homogeneous metal prepared than by the 
ordinary methods. 

The figures reproduced below illustrate 
this idea. Figure 8 shews an ingot in 
which the shape of the pipe is shewn by 
a dotted line: the cross hatching shews 
to what the discard from the top of the 
ingot can be reduced when this latter is 
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cut up by rolling into a certain number 
of longitudinal sections. 


Figures 9 and 10 shew a particular ap- 
plication of this principle shewing the 
division of an ingot into three bars. The 
ingot of square section is first of all flat- 
tened on one side, then passed through 
the rolls which gradually separate it into 
three longitudinal bars which can be in- 
differently of equal or unequal section : 
the whole of figure 10 shews the approxi- 
mate shapes required to get a centre bar 
smaller than the outer bars. 

This centre bar includes the whole of 


the parts of the ingot affected by segre- 


gation ; not only can the discard be made 
heavier, but the bar, if need be, may be 
reserved for work not requiring a metal 
of the highest quality. This division of 
the ingot into parts of different qualities 
was the particular feature I had more 
especially in view, and of which I have 
been able to make various applications. 
The segregation being absolutely un- 
avoidable, it will be realised that in those 
cases in which it is thought to be really 
harmfull we can with advantage have re- 
course to the expensive method of com- 
pletely removing the central part. 

I have pointed out, however, that in 
many cases a real improvement would be 
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obtained if we were content to bring the 
segregated parts of the ingot into a po- 
sition in which its effects would be less 
marked than in the central region, for 
example, by separating the ingot into two 
pieces only by a symmetrical rolling. 
I quoted in particular the case of rails 
and recommended the rolling should be 
controlled in such a way ias to bring the 
axial part into the region of the rail foot 
where any ultimate defects would be 
brought into view, and consequently 
could readily be eliminated. I must con- 
gratulate myself that this prediction 
should have been experimentally veri- 
fied at length by the work of M. Cour- 
théoux, which has at the same time 
shewn, as I did, how easily this method 
of rolling can be realised in practice. 

In the case of rails, which occupy with 
reason the attention of engineers, we can 
then hope that the use of this method of 
working will make it easier to get a me- 
tal really sound. I think it useful to add 
that the improvement expected in this 
direction does not oppose in any way 
that looked for as well by the use of heat 
treatment : it ought on the contrary to 


-increase its efficiency. Jt appears to be 


incontestable in fact that, to get from the 
metal everything it can give, it must be 
given a definite heat treatment which 
need not be complicated, but which in 
practice involves some cost. It would 
obviously be of little value to take such 
precautions without combining them 
with measures capable of completely re- 
moving local abnormalities in the com- 
position of the metal, the presence of 
which would annul the useful effect of 
the treatment. 
I remain, etc., 


G. CHARPY, 
Member of the Academy of Sciences. 
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Reconstruction of a large railway engineering depot. 


Figs. 1 to 9, pp. 5€0 to 567. 


(From The Railway Engineer.) 


With the progress of time, and in the 
course of development of a large railway 
system, the need for the reorganisation 
of yards, track lay-outs, and depots from 
time to time arises,.and a considerable 
proportion of a railway company’s new 
works’ expenditure is devoted to impro- 
vements of this description. A note- 
worthy example of the kind of thing 
to which we refer is to be found in the 
case of the Southern Railway Company’s 
large depot at Exeter, at which the main- 
tenance operations connected with the 
Western Division of the system are cen- 
tralised. 

The Western Division of the Southern 
Railway comprises the whole of the area 
west of Salisbury so far as the Operat- 
ing Department is concerned, and the 
whole of the area west of Tem- 
plecombe so far as the Engineering 
Department is concerned. Exeter is 
therefore the centre, for maintenance 
purposes, of a section of the railway 
with a geographical mileage of some 


400 miles and a single-line mileage of . 


nearly 600 miles. The depot is situated 
about one mile east of Exeter Queen 
Street station, alongside the main line, 
at the point where the Exmouth branch 
joins it, and it is consequently known as 
the Exmouth Junction Depot. 

In the early days, 50 or so years ago, 
small shops were in existence for the 
| carrying out of engineering and_ signal 
Z work, also carriage and wagon repairs. 
In 1880 an engine shed, with accommoda- 


, tion for 40 engines, was built, and in 
£ 1902 a stores department was inaugurat- 
r 


necks, one of which serves as the up 


ed, and in 1913 a concrete section of the 
iingineering Department was started. 

The necessity for the reconstruction of 
the 1880 engine shed became insistent 
after the Armistice, and as the work of 
all the other departments and sections 
accommodated in the yard had increas- 
ed beyond the capacity of their respec- 
live accommodation, the opportunity 
was faken of entirely remodelling the ; 
depot and to utilise the available area 
(approximately 28 acres) in the most 
efficient manner possible. When the 
new scheme is completed the depot will 
comprise an up-to-date locomotive run- 
ning depot and repair shops, carriage and 
wagon repair shops, engineering shops, 
including a signal and telegraph section, 
a depot for the manufacture of concrete 
articles, a stores section, and a marshall- 
ing yard for freight train traffic. 
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Marshalling yard. 


This yard comprises 10 parallel sid- 
ings directly connected with the main 
line and provided with two shunting 


goods reception and down goods depar- 
ture roads, while the other is entirely in- 
dependent of the incoming and outgoing 
roads; the latter, however, was the only 
one in use at the time of our visit. The 
sidings are used as a concentration and 
marshalling yard for the bulk of the 
Southern Railway western divisional 
freight traffic, as, with a few exceptions, 
all freight services passing through Exe- 
ter are dealt with in the Exmouth Junc- 
tion yard. 
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Trains from the London direction are 
broken up and new trains formed for 
despatch to Plymouth, North Devon, 
North Cornwall and Exmouth, also for 
transfer to the Great Western system at 
St. Davids. Conversely, wagons arriving 
at Exeter by up trains from these various 
points are assembled and formed into 
trains for Yeovil Junction, Templecombe, 
Salisbury and London. There are no 
public facilities for loading and unload- 
ing at Exmouth Junction, and all local 
freight traffic is dealt with in the goods 
depot adjoining Queen Street passenger 
station. On the average, some 700 wa- 
gons are dealt with daily at Exmouth 
Junction, 


Locomotive running shed. 

The new engine shed, which is located 
at the extreme eastern end of the depot, 
has been constructed entirely of ferro- 
concrete. It consists of 13 bays, each 
270 feet long, and each bay is provided 
with a pit throughout its length. The 
roofing of the thirteenth bay on the north 
side has been specially raised in order 
to accommodate an overhead travelling 
gantry crane, capable of lifting loads up 
to about 63 tons, and all repairs involv- 
ing lifting are carried out in this bay. 
The crane, which was supplied by Her- 
bert Morris Limited, of Loughborough, 
is electrically operated. 

On the north side of road No. 13 are 
the offices and shops, the latter compris- 
ing a fully-equipped fitters’ shop, mach- 
ine shop, smiths’ shop and store. Slott- 


ing, shaping, planing and _ drilling - 


machines are installed, also an axle-box 
lathe and four lathes for dealing with 
other classes of work. In addition, 
there are a tube cutter, a power hack- 
saw, grindstone, and emery wheels, to- 
gether with a hydraulic press for dealing 
with coupling rod bushes. In the store 
a wall crane having a radius of 12 feet 
has been provided. The various machi- 
nes derive their power from two lines 
of shafting which, in their turn, are driv- 
en by a 30-H.P. electric motor, 
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At the eastern end of the lifting road 
is the wheel lathe, which is indepen- 
dently driven by a 20-H.P. motor. The 
above plant, and, indeed, the whole sec- 
tion of the depot devoted to locomotive 
work, is incorporated in the Chief Me- 
chanical Engineer’s Department. 

The roof of the running shed is of the 
saw-tooth type, the ridges of the indivi- 
dual bays running north and south; the 
easterly slopes are glazed, and the west- 
erly slopes formed of concrete panels 
covered with asphalte. Excellent diffus- 
ed light therefore, is obtained during the 
daytime. An interesting feature is the 
smoke hoppers, which run from end to 
end of the shed over each track except- 
ing the lifting bay, and are constructed 
entirely of reinforced concrete. They 
are provided with special channels along 
the inside of the bottom edges to collect 
any moisture condensing on the inside, 
and such collected moisture is discharg- 
ed at intervals by means of gargoyles 
clear of the tracks. 

The roof is supported on concrete co- 
lumns measuring 12 by 12 inches and 
approximately 18 feet high. The base 
of each column is carried on a specially 
designed concrete raft in order to dis- 
tribute the load to the extent necessitat- 
ed by the fact that the whole shed stands 
on made-up embankment formed some 
50 or 60 years ago. The floor is paved 
with brindle bricks laid on concrete, 
and-each of the longitudinal pits in the 
engine shed is carried on a concrete 
raft of similar design to that used for the 


column bases. The contractors for the 


construction of the shed were A. Jacka- 
man & Son Ltd., of Slough. Electric 
lighting is provided throughout. 

All water collecting in the engine pits 
as a result of engine washing is passed 
through a special purifying plant before 
discharge into an adjoining culvert. In 
this plant the water is freed from solid 
matter, whether floating or in suspen- 
sion, and also from oil. 
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Engine turning and coaling. 


An electrically-operated 65-foot turn- 
table is located at the south-eastern cor- 
ner of the locomotive yard. 

A mechanical coaling plant construct 
ed by the Mitchell Conveyor Company, 
in ferro-concrete, was nearly completed 
at the time of our visit. This plant is 
located near the south-west corner of the 
running shed. The wagon hoist and 
other machinery for operating the plant 
will be electrically driven. 

The bunker will accommodate 300 tons 
of coal and two locomotives can be fuell- 
ed at one time. In addition to the coal- 
ing plant, provision has also been made 
for the stacking on the ground of some 
thousands of tons of coal to serve in case 
of emergency. 


Locomotive yard lay-out 


A special feature of the lay-out is di- 
rect access to and from the locomotive 
shed from the main lines. Practically 
all the engines entering the yard come 
from Exeter, similarly nearly all engines 
leaving the yard proceed to Exeter to 
pick up-their trains, and a reference to 
the plan of the new lay-out (fig. 1) will 
show that the connections have been so 
arranged that these engine movements 
are absolutely direct, whereas with the 
old lay-out several shunts were requir- 
ed. Observation shows that seldom, if 
ever, is an engine held up when moving 


to and from the engine shed when going. 


on or off duty. 


Stores department 


The stores building measures 450 feet 
in length by 30 feet in width, its average 
height being about 15 feet. The build- 
ing is located on the extreme north side 
of the yard and served by an indepen- 
dent siding connected to the eastern end 
of the shunting neck. The main build- 
ing comprises a general store, a steel 
and iron store and a timber store. It is 
constructed. in concrete block work 


roofed with asbestos sheeting carried on 
steel trusses, and the flooring is of con- 
crete; 

Side windows of large area are prov- 
ided, also a series of skylights, and after 
dark electric lighting is available. 

Specially designed racks are provided 
in the general store for holding the va- 
rious. articles. A separate building 
placed at a distance from the main struc- 
ture is used as an oil and paint store. 
The whole section presents a clean and 
well-ordered appearance both externally 
and internally, 


Carriage and wagon shops. 


The new carriage and wagon shops 
are located opposite and parallel to the 
stores. The building, which is in course 
of construction, has been planned in two 
bays, one measuring 350 feet long by 
51 ft. 6 in. wide and the other 300 feet 
long by 51 ft. 6 in. wide. Here again 
ferro-concrete construction is being em- 
ployed. 

The walls consist of situ-cast reinforc- 
ed conerete columns with concrete block 
panels between them. The columns on 
the north side are connected by a hori- 
zontal beam about 12 feet above ground 
level, which will serve to carry the 
shafting for driving the various machi- 
nes. These columns, in common with 
all the others, are also connected by a 
horizontal beam at the top which ties 
them all together and provides the ne- 
cessary support to the guttering and fin- 
ish to the wall, 

The roof itself will be formed of light 
steel trusses covered with asbestos sheet- 
ing, continuous skylights being provided 
in each of the four slopes. Six roads 
pass into the shops, three in each bay, 
and one road is being provided with a 
pit for examination purposes. The build- 
ing, when completed, will be equipped 
with all the necessary machinery and 
appliances for dealing with the running 
repairs to carriages and wagons arising 
on the Western Division. Access to it 
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will be gained from the eastern end, all 
six roads being connected to an indepen- 
dent turn-out situated on the shunting 
neck immediately adjoining that leading 
to the stores depot. Both electric light 
and power will be provided. 


Civil engineering department. 


The remainder of the ground is occup- 
ied by the Divisional Engineer’s work- 
shops anid concrete depot, and the Jocal 
signals and telegraphs depot. The shops 
form One range of concrete buildings, 
500 feet in length with a width of 30 feet. 
The height is about the same as that of 
the stores buildings, namely, 15 feet. No 
tracks lead into these shops, but there 
are two sidings on the north side and a 
cart road and a siding on the south side. 

The westernmost portion of the build- 
ing is devoted to the construction of 
moulds used in the concrete depot, and 


facilities are provided for dealing with 


the necessary carpenters’ and smiths’ 
work. At the eastern end are located 
the shops and offices of the signals and 
telegraphs section, while in the centre are 
the general building depot shops, which 
include carpenters’, smiths’, machinists’, 
plumbers’ and painters’, together with 
the necessary offices for the various ins- 
pectors and foremen. 

The shops are being equipped with 
up-to-date electrically-driven machinery, 
and so far as possible, each machine is 
provided with a separate motor, 

The area of ground devoted to the ma- 
nufacture of concrete articles is 175 feet 
wide and over 1000 feet in length, and 
a considerable portion is roofed over. 
As will be seen from the lay-out plan, 
this area is served by sidings situated 
on either side of it. The northernmost 
sidings are some four or five feet higher 
than that on the southern side, and full 
advantage of this difference in level is 
taken, as the northernmost sidings are 
used for all incoming material, such as 
stone chippings, sand and cement for 
concrete and steel for reinforcement, 
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and the southernmost siding for the 
despatch of all manufactured articles. 
Cement is unloaded direct from wagons 
into acement shed situated in the centre 
of a long dock adjoining one of the two 
northern sidings, and chippings and 
sand are unloaded from the wagons on 
to the dock on the left and right of the 
cement shed respectively, with the assist- 
ance of a steam crane and grab. 

The concrete mixer is situated on the 
ground on the south side of the dock, 
immediately opposite the cement store, 
and owing to the difference in level, it 
has been possible to arrange for the 
hopper of the mixer to be flush with 
the floor of the shed; and, with sand 
and chippings on either side, all the 
constituents necessary for the prepa- 
ration of concrete can, therefore, be 
barrowed direct to the hopper of the 
mixer. The mixed concrete is distribut- 
ed over the yard by means of trolleys 
running on a 2-foot gauge track. The 
products of the depot consist of large 
quantities of platform coping slabs, plat- 
form walling brackets and_ slabbing, 
fence posts, cable posts, telegraph poles, 
signal posts, yard lighting poles, etc., etc. 

A design for a pre-cast concrete foot- 
bridge was developed some time ago, 
and ever since there has been a steady 
demand for structures of this nature. 
At the time of our visit the girders for a 
concrete footbridge 300 feet long, con- 
sisting of no less than 8 spans, were in 


course of construction. The most recent | 


development is the design of a sectional 
concrete building which can be utilised 
for a variety of purposes. .A particular 
feature of the design is that the building 
can be taken down and re-erected at any 


time, and that it can also be extended 
by the addition of new sections if and 
when required, 


Electric power and lighting. 


The current for the power and light- 
ing is obtained from the Exeter City Cor- 
poration. The supply, which is 50-pe- 
riod alternating current, enters a trans- 
former house situated on the company’s 
property at 2000 volts, and is there 
transformed down to 600 volts for power 
purposes and 200 volts for lighting pur- 
poses, 

These supplies are distributed through- 
out the yard by means of overhead ca- 
bles carried on_ specially-constructed 
poles. The most interesting of these po- 
les are the specially-designed towers 
which carry the cables across the run- 
ning lines. Each pole is in the form of 
a triangular tower. Each of the three 
sides of these towers consists of a single 
pre-cast braced girder, and the three 
sides are held together by special steel 
bands at the corners and also by the se- 
ries of channel irons at the top carry- 
ing the insulators and wires. The feet 
of the towers are securely anchored into 
specially-designed reinforced concrete 
rafts, which are of such size and weight 
as to obviate the use of all guys. 

The remaining poles are of duplex 
type and are more or less orthodox in 
design. Separate cables are run from 
the transformer house to the locomotive 
running shed, the coaling plant, the car- 
riage and wagon shops and the engi- 
neer’s workshops, and a special switch- 
board is being provided to control the 
power distributed in the engineer’s 
shops, 
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Electric express passenger locomotive 
for the Great Indian Peninsula Railway. 


Figs. 1 to 5, pp. 570 and 572. 


(From Engineering.) 


For working the express passenger ser- 
vice on the main line of the Great Indian 
Peninsula Railway, on which the mini- 
mum radius of the curves is 500 feet, and 
the maximum gradient 2.7 %, an exper- 
imental locomotive has been ordered 
through Messrs, Merz and McLellan from 
each of three different contractors, viz., 
Messrs. British Brown-Boveri, Limited, 
Trafalgar House, Waterloo-place, S. W. 1, 


Messrs. The General Electric Company 
Limited, Magnet House, Kingsway, 
W. C. 2., and Messrs. Metropolitan-Vic- 


kers Electrical Company, Limited, Traf- 
ford Park, Manchester. This article 
refers to the one ordered from Messrs. 
British Brown-Boveri, Limited, which 
has just been completed and tested. It 
has been constructed to run on the 5-ft. 
6 in. gauge track and under a normal 
pressure on the overhead conductors of 
1 500 volts continuous current. 

A longitudinal section of the engine is 
given in figure 1, and from this it will 


Total length over buffers 
Rigid wheel base . 

Bogie wheel base. : 
Diameter of driving wheels. 
Diameter of bogie wheels 


Weight of mechanical portion, Fee firtve: 


Weight of six motors 
Weight of two current cnltechorese 


Weight of apparatus and miscellaneous aauinment 


Total weight . . : 
Adhesive weight. . . . 


Total H. P. at motor shafts etter: tines 


be seen that it is of the 4-6-4 type. The 
three driving axles, however, are not 


coupled in any way, each incorporating 
the Brown-Boveri individual axle drive, 
to which we shall refer again Jater. The 
bogies are of the maker’s self-centring 
type, with brakes acting on all four 
wheels, as shown. There are six main 
motors, two driving each axle and these 
can be connected in series, in series- 
parallel, or in parallel for starting and 
speed regulation. In no case, however, 
does the voltage applied to any individ- 
ual motor exceed half the line voltage, 
since with what are described as parallel 
connections, the two motors in each 
group are actually connected in series. 
Including weakened-field positions nine 
economical speeds are obtainable, as will 
be explained later, and the engine can 
be run at any of these speeds continuous- 
ly. The principal data relating to the 
locomotive are as follows : 


56 ft. 21/4 in 
15 feet. 
9 feet. 
Dries oI 
3 feet. 
68 000 ker. 
24 000 ker. 
1 100 ker. 
11-400 kgr. (11.2 tons). 
104 500 kgr. (102.8 tons) 
60 000 kgr. (59 tons). 
1 890 H. P. 


(66.9 tons). 
(23.6 tons). 
(1.1 tons). 


Sn 


1. — 4-6-4 electric express passenger locomotive for the Great Indian Peninsula Railway. 
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The motors, one of which is illustrated 
in figure 2, are of the six-pole type, series 
wound, with interpoles, and are each 
capable of developing 315 H.P, at 615 re- 
volutions per minute continuously, with 
1400 volts applied across the terminals 
of a pair, the current then being 360 am- 
peres; on a one-hour rating, the power 
developed is 405 H. P. at 560 revolutions 
per minute, the current being 460 am- 
peres. Air for cooling the motors is sup- 
plied by two electrically-driven.blowers, 
located as shown in figure 1, the air 
being delivered through sheet-metal 
trunks to the opening shown at the bot- 
tom of the casing on the right of figure 2, 
and leaving through openings covered: 
with perforated metal at the commutator 
end. Fans are also mounted on the ar- 
mature shafts for cooling purposes, and 
these provide sufficient ventilation for 
slow-speed and intermitient running. It 
is possible to use only one of the elec- 
trically-driven blowers if desired, the 
inlet opening of the other blower then 
being covered. 

As previously stated, a pair of motors is 
coupled to each driving axle by means of 
the Brown-Boverj individual-axle drive, 
which is employed on the Swiss Federal 
Railways as the standard for high-speed 
running. The drive is partly shown on 
the central driving wheel in figure 1, 
but perhaps more clearly in figure 5, 
A pinion incorporating a spring coup- 
ling, the inner member of which is shown 
in position on the left of figure 2, is 
mounted on the end of each armature 
shaft, the two pinions of a pair of motors. 
engaging with a single gear wheel outside 
the driving wheels on one side of ithe 
locomotive and supported from the main 
frame of the latter; the gear ratio is 
1 : 3.237. Referring to figure 5, it will 
be seen that pivoted on the outer face 
of the gear wheel are two. short-toothed 
segments, the inner ends of which are 
in engagement as shown. To the outer 
ends of the toothed segments are fitted 
links working in ball-and-socket joints. 


a.” 


These links are connected to ball-ended 
crankpins on the driving wheels, the 
crankpins passing through holes in the 
gear wheel which are sufficiently large 
to give ample clearance. It will be un- 
derstood that, with the arrangement des- 
cribed, a uniform torque, equally divided 
between the two links, is transmitted 
from the gear wheel to the driving 
wheels, although a certain amount of ver- 
tical and lateral movement is permitted 
between them, The engagement between 
the pinions and the gear wheel is, of 
course, unaffected by the movement be- 
tween the gear wheel and the driving 
wheels. 

The whole of the gearing is normally 
enclosed in an oil-tight casing, built up 
of rolled sections, plates and steel cast- 
ings; a leather sleeve, of concertina form, 
is fitted around the crankpins between 
the gear whee] and the driving wheel to 
exclude water and dirt. Oil filled into 
the bottom of the casing is carried up by 
the gear teeth, and, being thrown by cen- 
trifugal force on to the casing, some is 
caught in one or other of the two reser- 
voirs shown on each side of the central 
gear wheel in figure 1; the reservoirs 
can, however, be filled independently if 
necessary. From the reservoirs, oil is 
drawn through filters, by a small duplex 
pump, driven from the main gear wheel 
as shown to the left in figure 1, and de- 
livered to the main gear-wheel bearing, 
and thence, through suitable passages 
and channels, to the bearings and teeth 
of the toothed segments, and also to the 
ball and socket bearings at both ends of 
the links. The pinions and the motor- 
shaft bearings also receive a supply of 
lubricating oil from one part of the du- 
plex pump, the pipes for this purpose 
being visible in figure 1. Several impor- 
tant advantages, which cannot be fully 
dealt with here, are claimed for the indi- 
vidual-axle drive described above, but 
among them we may meNtion the smooth 
running of the locomotive, reduction in 
the wear of gearing, tyres and track, 
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efficient lubrication combined with low 
oil consumption, and easy accessibility 
of all parts requiring inspection. : 

A photographic illustration of one. of 
the pantographs, in the elevated position, 
is given in figure 3, and both are shown, 
in the depressed position, in figure 1. 
They are of the double-bow pattern, as- 
shown, and are raised and lowered by a 
compressed-air cylinder, which can be 
distinguished between the springs in 
figure 3. The height of the overhead 
eonductor varies from a maximum of 
20 ft. 6 in. to a minimum of 14 ft. 10 in., 
so that the working range required for 
the pantograph is 5 ft. 8 in. From the 
pantograph, the current is led through 
isolating switches, which can be operat- 
ed by handles inside the body, to a spe- 
cial form of high-speed circuit breaker, 
shown in position in figure 1, immedia- 
tely above the blower on the left of the 
illustration. There are actually two cir- 
cuit breakers connected electrically in 
parallel, and coupled mechanically so 
that one is opened a fraction of a second 
before the other. When the first breaker 
opens, it puts a resistance in series with 
the second breaker and so reduces the 
current to be interrupted by the latter. 
In both cases the contacts are only se- 
parated for a comparatively short dist- 
ance, of the order of 1/2 inch, but a very 
powerful magnetic blow-out is provided 
to draw out the arc between circular arc 
shields. Staggered radial ribs are pro- 
vided on the opposing faces of the arc 
shields, and these have a further attenuat- 
ing effect on the arc. The circuit 
breaker is tripped by no-voltage and 
overload relays. | 

A photograph of a part of the main 
controller is reproduced in figure 4. 
This controller, and another exactly si- 
milar part, neither of which is shown in 
figure 1, are located at the opposite ends 
of the engine, and are used for cutting 
out the resistance in the armature circuit 
and also for weakening the fields; each 
part deals with three motors. Of the 
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controllers visible in figure 1, that on 
the left, near the circuit breaker, is em- 
ployed for making the series, series-pa- 
rallel, and parallel connections, while 
the next to the right, is provided to en- 
able one or more motors to be entirely 
disconnected if they should become dam- 
aged. The two other controllers shown 
are used for altering the connections to 
the motors for reversing the direction of 
rotation. The whole of the controllers 
are operated electro-pneumatically from 
a master controller, one of which is pro- 
vided in a cab at ach end of the engine. 
Movement of the controller handle, and 
of a separate handle controlling the com- 
bination switch, which will be referred to 
again later, operates the electrically-con- 
trolled valves of compressed-air servo- 
motors which rotate the shafts of the 
controllers and make and break the con- 
tacts as required. 

The slowest speed is, of course, obtain- 
ed with all six motors in series, and with 
the whole of the resistance in circuit. To 
increase the speed, the resistance is cut 
out in 13 steps by the controllers, one-.of 
which is shown in figure 4, and when 
this has been done, the master controller 
handle is returned to any one of the first 
four positions and the connections alter- 
ed to series- parallel by a separate handle 
controlling the combination switch. With 
these connections, three motors are in 
series and the two groups of three in pa- 
rallel. The resistance is then cut out in 
steps until it has all been removed, when 
the controller handle is returned to any 
one of the first six positions, the connec- 
tions then being altered by the combina- 
tion switch to connect three groups of 
two motors in parallel, the two motors 
in each group being in series. When 
the resistance has all been cut out, the 
speed can be still further increased by 
weakening the fields, and two positions 
on the master controller are provided for 
this purpose. The field could, of course, 


_ be weakened with the series and series- 


parallel connections, and by this means. 


the nine economical speeds above referr= 
ed to can be obtained. It may here be 
mentioned that the first movemeni of the 
master-controller handle from the off- 
position, switches in the low-voltage cir- 
cuit for actuating the relays controlling 
the valves of the compressed-air servo- 
motors, by which the main controllers 
are operated. Signal lamps are provided 
to show when current is on the main 
and relay circuits. The handle controll- 
ing the combination switch has three po- 
sitions : Series, series-parallel and pa- 
rallel in both forward and reverse direc- 
tions of running, giving six positions in 
all, and this handle is so interlocked 
with the controller handle that it is not 
possible to change from one type of con- 
nections to another unless a_ suitable 
amount of resistance is included in the 
armature circuits. In general, the mo- 
vements are all interlocked to prevent 
damage by improper use, and it is also 
noteworthy that in changing the connec- 
tions the motors are never entirely open- 
circuited, 

Although they are not shown in the 
drawing from which figure 1 has been re- 
produced, brakes are, of course, fitted on 
all the driving wheels, as well as on the 
bogie wheels. These brakes are operat- 
ed by compressed-air, and two electric- 
ally-driven compressors are provided to 
supply the air for this purpose, as well 
as for operating the pantograph and the 
servo-motors for the controller: gear. 
A hand brake is also fitted on the engine, 
but regenerative electric braking is not 
provided for. Vacuum brakes are used on 
the train, and electrically-driven pumps 
are installed to produce the necessary va- 
cuum. It may be of interest to mention 
in this connection that a proportional 
valve is fitted between the air and va- 
cuum brakes, so that-an application of 
the vacuum brake on the train automa- 
tically applies the air brake on the loco- 
motive to the same extent. Other auxi- 
liaries fitted include the two blowers, 
already mentioned, for ventilating the 
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motors and a single motor-generator set 
producing current at 50 volts, for light- 
ing; operating the relays, etc. A small 
battery is also installed for supplying 
50-volt current in emergency, or if the 
main current is off. All the auxiliary 
motors are operated at the full line volt- 
age and are controlled by push buttons 
and contactor switches. The former are 
mounted on the side of the driver’s cab, 
just above the controller handle, and can 
be seen in this position on the right of 
figure 1. 

The contract performance required 
from the locomotive was that, with cur- 
rent at 1400 volts, it must be capable 
of exerting a tractive effort, measured at 


the wheel tread, of 24 000 Ib. at 36 miles 
per hour with full field, and not less than 
6 300 Ib. at 70 miles per hour with weak 
field. The maximum speed required in 
service is 75 miles per hour, but the 
engine has been actually designed for 
safe running at 85 miles per hour. 
Another requirement of the contract was 
that in starting from rest up to 36 miles 
per hour a trailing load of 450 tons on 
a 1 % gradient ten times at five-minute 
intervals, the temperature rise of the re- 
sistances must not exceed 210° GC. 
(410° F.), and when starting under these 
conditions, the tractive effort for each 
pair of driving wheels must not vary by 
more than + 10 % from the mean value. 
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Car retarders at Mechanicville. 


Figs. 1 to 6, pp. 574 to 5&0. 


(Railway Age.) 


The latest refinements in car netarder 
apparatus are now to be found at Me- 


chanicville, N. Y., on the Boston & Maine 
Railroad, near the western terminus of 


Fig, 1. — G.R. S. car retarder. 


Springs covered with heavy iron casting. 


the Fitchburg-Berkshire division of that 
road, where a new eastbound hump 


freight yard was opened on 14 January. 
The layout of this yard differs in ma- _ 
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ny features, not only from the former 
hump layout at this place, but also from 
other yards previously equipped- with 
car retarders. The principal difference 
is in the arrangement of ladders, whe- 
reby each group of six tracks is served 
by one group of retarders, the yard hav- 
ing 36 classification tracks. Each group 
of six is served by a ladder upon which 
there is a double retarder 80 ft. 8 in. 
in length, which brings the cars to 
their final yard speed for all of the 
tracks in that growp. There is a tho- 
roughfare track from the receiving yard 
to the outgoing end of the classification 
yard and from this track the stock pens, 
ice house, repair tracks, locomotive shop 
and engine terminal are served. There 
are also run-around tracks from both 
sides of the classification yard: to the 
receiving yard to permit engines to run 
around the hump if more than une en- 
gine is being used, or to pull back cars 
that have to be reclassified. From the 
receiving yard to the « hump crest » the 
distance is about 2 300 feet, with inde- 
pendent leads for switching both the 
transfer and the repair tracks. —— 


Description of yard. 


The leading features of this yard are: 


Receiving yard... . 10 tracks. 737 cars. 
Classification yard. . 36 — 1930 — 
Transfershed.... 7 — 237 — 
Repair sheds... .. 6 — 240 — 


Stock pens. 
Ice house : 10 000 tons. 
Engine terminal : 25 stalls. = 


Trains are made up on the classifica- 
tion tracks, and four doubling over leads 
are provided at the outgoing end of the 
yard in addition to the two ladders, 
each serving approximately six tracks. 
Practically all trains carry more than 
one classification, so that by assigning 


classifications that ordinarily go togeth- 


er to the same group, six trains can be 
made up at one time without interfering 


Viti 


with each other. This arrangement eli- 
minates the pulling down of cars to a 
departure yard and permits doubling of 
trains by road crews; cars can be hump- 
ed closer to departure time of trains, 
and it allows the doubling together and 
caboosing of trains by the humper. 


Ladder arrangement. — To _ obtain 
high switching capacity it is essential 
that there be a quick separation of cars 
on to many diverging routes, with a mi- 
nimum of travel to the clearance point 
on each classification track; and this 
minimizes the difficulties incident to 
different rolling qualities of different 
types and weights of cars. The com- 
pact layout of switches and retarders at 
Mechanicyille has been obtained, it will 
be seen, by a liberal use of lap switches. 
At the « junction switch », a lap switch 
126 feet from the crest of the hump, the 
traffic is diverted to three routes. The 
group switches where each of these rou- 
tes is again divided are 189 feet beyond 
the junction switch. The cars are thus 
sent over six diverging routes only 
315 feet from the hump crest; and the 
maximum distance from the junction 
switch to the most distant classification- 
track switch is 595 feet. 


The grades. 


As the raté of acceleration decreases 
as the speed increases, and the braking 
power required to stop a car increases 
in proportion to the square of the speed, 
grades were carefully calculated so that 
cars never need move at high speeds. 

Mechanicville has a natural descend- 
ing grade from the entrance of the re- 
ceiving yard to the outgoing end of the 
classification yard. The hump is simp- 
ly a small knoll (about a foot above the 
grade of the lead) to get the slack on the 
pin. The hump incline drops about 
2 feet in 50 feet (4 %) which separates 
the cars sufficiently for throwing swit- 
ches conveniently between cuts. From 
the foot of the hump there is 75 feet of 
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2 % grade to the junction switch and in 
this 75 feet are the two 33-foot retarder 
units. From the junction switch to the 
clearance point on each of the six group 
ladders there is 290 feet of 1.2 % grade, 
with a 40 ft. 4-in. retarder in the rear of 
each of the: three group switches, as 
shown. 

At the clearance point on each of the 
six group ladders there are two 40 ft. 
4-in, retarder units on a grade of 0.8 %, 
which is sufficient to start the average 
car which might be stopped in the retar- 


der. Here the cars are brought to pro- — 


per yard speed (about 4 miles per hour) 
and this is the last point of retardation. 
From this point to the clearance point 
on each classification track the grade is 
0.35 % while the body of the yard is 
0.25 %. 

These grades are sufficient to carry 
an empty car at a speed of about six 
miles an hour to the Jast retarder; while 
the incline and group ladder retarders 
control the speed of the heavier or ea- 
sier rolling cars. All grades are com- 
pensated three 100ths per degree of cur- 
ve to offset curve friction. 

That the layout will constitute -a fast 
switching machine has already been 
shown during its first month in service. 

With the operators still new, a speed 
of 250 cars.an hour has been reached on 
individual trains; and a speed of three 
cars a minute is normal. 


Reconstruction. 
The original Mechanicville yard was 


built in 1914 as a hump yard, and was- 


of the conventional design, with the re- 
ceiving yard in the rear of the. classifi- 
cation yard. There was no departure 
yard, trains being made up on the clas- 
sification tracks. The hump was high, 
with a long stiff incline, to give the cars 
high acceleration at the beginning of the 
ladders, with light grades through the 
ladders and yard. There were two lad- 
ders of the herringbone type through 
the center of the yard, between which 


was the gas car track. From the crest 
of the hump to the clearance point of the 
last classification track, the distance 
was 3100 feet, and ,the average ride was 
about 2 000 feet. 


Track work by company forces. 


The hump was moved 1 700 feet easi- 
erly and, as previously described, the 
yard was divided into six groups of six 
tracks, each served by a group ladder. 
The track and grade work was done en- 
tirely by railroad forces and operations 
were carried on in sections to minimize 
interference with operation. Through- 
out the period of reconstruction all yard 
work was performed as usual and at no 
time were other yards called upon to re- 
lieve the Mechanicville yard. Work was 
started on 1 June, and on 20 August; the 
new hump and about two-thirds of the 
track changes were completed; and the 
entire grading and track changes were 
completed on 15 September. 


Operation. 


For about three months after the track 
and grade changes were completed oper- 
ation was continued with « riders ». The 
new location of the hump, with the con- 
centrated ladder layout and revised gra- 
des, reduced the average ride from about 
2000 to 850 feet; and ias a result it was 
possible to keep the hump going contin- 
uously with 16 riders and two engines, 
where previously 35 riders, a motor car, 
and three engines had been necessary. 

This was largely due to the shortened 
« ride », as the riders after bringing the 
car down to the proper speed at the 
clearance point on the classification 
tracks left the car and returned to the 
hump. This three months’ operation 
showed that the economies to be obtain- 
ed by the revised grade and ladder ar- 
rangement, amounted to about 26 % per 
annum on the gross cost of the changes 
in tracks and grades, 
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Car retarders. 


The retarders consist of 17 units (ten length, of the latest all-electric design of 
locations) aggregating 577 ft. 6 in, in’ the General Railway Signal Compa- 
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Fig. 4. — Hastbound classitication yard at Mechanieville, N. Y. 


. . ry : Pra. 
Thirty six tracks, six la®ders, ten sets of retarders, 
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ny (‘) (2). These retarders are of extra 
heavy construction, with the springs be- 
low the rail, and protected by a heavy 
plate. The lever arrangement has been 
redesigned and strengthened. The pres- 
sure is equalized on both sides of the car 
wheels, the retarders on each rail acting 
independently. This allows for varia- 
tions in wheels; and, further, if a car is 
lifted in the retarder by excessive pres- 
sure, it continues to roll with the flange 
guided by the retarders, but above the line 
of pressure. As a result the lifting of a 
car does not tend to derail it, the retar- 
der simply holding it over the rail (see 


screws which are accessible from the 
top of the shoe beam. The parts are 
made of heavy steel to withstand the 
heavy shock of continued service. The 
operating pins are larger and individual 
lubrication is provided to minimize 
wear. The adjustments and mainten- 
ance have been simplified by using only 
one adjustment for each spring with an 
overall adjustment to compensate for 
shoe wear. 


Control lowers. — This layout is con- 
trolled from two towers, the junction 
tower A being about 360 feet from the 


fig. 6). The shoes are made of rolled 
steel fastened by heat treated nickel-steel 


hump crest and opposite the switches of 
the six group ladders. This tower is a 


Fig. 4 (continued). — Eastbound freight classification yard at Mechanicyille. 
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Fig. 5. — Profile from summit to retarder No. 10. 


(1) An illustrated article on the G. R. S. car retarders, as used at Blue Island, Ill., on the Indiana 
Harbor Belt, was printed in the Railway Age of 26 February, 1927, p. 570, including a description 
of the apparatus for lubricating journals with hot oil. _The Blue Island plant was described also in 
the Railway Age of 15 November, 1924. The plant at Hast St. Louis, Mo., on the Illinois Central, was 
described in the Ralway Age of 6 March 1926, p. 593, with details of the skate-placing machine. 


(2) See also Bulletin of the Railway Congress, numbers for January, 1926, p. 44, and August, 1926, 
p. 791, 
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small second-story of the power house 
and controls the five ladder switches, 
five incline retarders, and the switches 
and retarders on two groups of classifi- 
cation tracks. The second tower B is 
located in the field between tracks 12 
and 13, and controls the switches and re- 
tarders of the other 24 classification 
tracks. Tower A controls nine retarder 
units and 15 switches; tower B controls 
eight units and 20 switches; total 17 units 
and 35 switches, 
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Fig. 6. — Detail of shoe. 


Equalized shoe pressure obtained regardless of wheel width, 


The control machines were designed 
for operation by one man in each tower, 
but are so arranged that two men can be 
' used during periods of peak business. 
The control machine in tower B is divi- 
ded into two units, so located that the 
operator in throwing a switch lever 
looks toward the switch he is handling. 

The power house is located on the 
south side of the southerly ladder track 
and is of concrete block construction. It 
has three separate rooms, the generator 
room, the battery room and the main- 
tainers’ room. A hot water heater in the 
maintainers’ room heats these rooms and 
the junction tower A located on the sec- 
ond story. . 

The power house is furnished with 


two sources of outside power : 25-cycle, 
3-phase power from the engine terminal 
at 550 volts; and 60-cycle, three phase 
City power at 440 volts. In addition 
there is a 258-volt bank of Exide batte- 
ries as a standby in case both alternating 
current sources fail. Normally the plant 
is operated by a 25-cycle motor genera- 
tor set from Boston & Maine power. 
Should either source of alternating cur- 
rent power fail the storage battery is au- 
tomatically cut in. The storage battery 
is charged with small generator sets by 
either source of power; or, if necessary 
to recharge quickly, by both generator 
sets (one 25-cycle—the other 60-cycle) 
run in parallel. 


Hot oil system, — Hot oil is applied to 
the journals of cars just prior to their 
going over the hump. This consists of 
heating car oil with steam to about 180° 
F, and squirting it into the boxes under 
pressure. This insures free rolling cars 


in the severest weather. 


Signals. — A color-light hump signal 
located at the crest, giving four speed in- 
dications, is repeated the entire length 
of the receiving yard by three repeaters, 
which show the signal indication in both 
directions. Klaxon horns for use during 
fogs are situated between each two sig- 
nals insuring quick response by the en- 
gineman at all times. 

The signal indications are also shown 
on the junction tower control board, and 
the operator at this tower’can at any 
time set the hump signal at stop. The 
indications used are: 


LGUOW oy cctins cote tenet Slow hump speed. 
Double yellow... .. Medium hump speed. 
CCC Le Qe oR Fast hump speed. 
edhe 4. sss See 

Yellow andred .... Back up, 


Communication, — Loud speaker tele- 
phones connect the hump with both to- 
wers for instant communication between 
the conductors and operators, while the 
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switching lists are sent from the yard 
office to the hump and the towers by 
electric teletype machines. In addition 
to this there are local and public tele- 
phones between the various parts of the 
yard. Pneumatic tubes are being install- 
ed to facilitate the sending of bills and 
train lists from the receiving yard to the 
yard office and from there to the out- 
ward yard clerk. 


Yard lighting. — The yard is lighted 
throughout its length by flood lights on 
towers located to throw the light length- 
wise with the tracks. 


Traffic. — The traffic at this vard, 
which is the western gateway of the Bos- 
ton & Maine, is made up of three distinct- 
ly different classes. It consists of about 
15% perishables from the south and west, 
25 % merchandise from the west, and 
60 % coal from the Pennsylvania and 
West Virginia coal fields. Substantially 
all freight switched in this yard is east- 
bound. The New York Central delivers 
its trains at Rotterdam, about 20 miles 


west of Mechanicville, from where Bos- — 


ton & Maine crews haul them to Mechan- 
icville for switching. The Delaware 
& Hudson delivers freight directly to the 
Boston & Maine receiving yard. About 
900 cars are received daily from these 
two connections, which with the cars 
from the |. c. L. transfer, repair tracks 
and ice house requires the humping of 
about 1100 cars daily, with peak days 
far in excess of this amount. 


Economies, — The yard has only been 
in service one month. At present, in or- 
der to train retarder operators two men 
are being used in each tower on all tricks 
and frequently three. The results, so 
far, indicate that with one man in each 
tower 125 cars an hour can be humped; 
and, with two men in each tower, 250 
cars an hour. The operation to date has 
shown a decrease in yard costs of about 
40 %; a decrease of 50 % in the time 
cars are held in the receiving yard and a 
material reduction in damage to cars in 
humping; and it is believed that the com- 
bined net annual savings will be in ex- 
cess of 50 % of the cost of the entire 
work of providing the added facilities. 


[ G86 .256 (.42) ] 


An ingenious semi-automatic signalling installation. 


—— 


Provision for steam and electric working between Bow Road and Barking 
on the Tilbury Section of the London Midland and Scottish Railway. 


Figs. 1 to 14, pp. 584 to 593. 


(Modern Transport.) 


Towards the end of February 1928 the 
third and last section of a new installa- 
tion of semi-automatic signalling on the 
Tilbury section of the London Midland 
and Scottish Railway was brought into 


service, the first two sections having 
been in use for some months with mate- 
rial advantage to the train working. The 
signal engineer is responsible for the 
scheme and for the erection of the si- 
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gnals, train stops, detectors, etc., whilst 
the telegraph superintendent has design- 
ed the electrical equipment, and his staff 
has carried out the whole of the wiring, 
track circuiting and electric locking. 
The up and down electrified (local) li- 
nes, to which we refer, and which are 
shown on the accompanying diagram, 
form an eastward extension of the Whi- 
techapel and Bow Railway. From 
Campbell Road Junction they extend on 
the north side of the up and down 
through (steam) lines, while from the 
east end of Little Ilford to Barking they 
run between the branch lines and the 
through lines. There is a junction at 
Bromley with the North London section 
of the London Midland and Scottish 
Railway from Broad Street, and one at 
Upper Abbey Mills Junction with the 
London and North Eastern Railway to 
North Woolwich. There are also a num- 
ber of junctions between the electrified 
and steam lines. 


Traffic considerations. 


The branch lines are the steam lines 
to and from St. Pancras, via South Tot- 
tenham and Kentish Town. The through 
lines are connected with the London 
and North Eastern Railway at Gas Fac- 
tory Junction, south of Bow Road, and 
they carry the very heavy passenger 
traffic. passing between Fenchurch 
Street and Southend and Tilbury. This 
traffic may be termed « outer suburban,» 
and the train density at peak periods is 
such that it is impossible to use these 
lines for the « inner suburban » traffic 
between Bow Road and Barking. The 
inner suburban traffic is, therefore, con- 
fined to the up and down local (elec- 
trified) lines, which, by way of Bow 
Road, Whitechapel and Aldgate East, 
afford connection with the Inner Circle 
line and the Metropolitan District Rail- 
way. There has been a steady growth 
in the inner suburban traffic for many 
years, and the London County Council 
housing scheme at Becontree, on the 


east side of Barking, has added consi- 
derably to the numbers using these lines. 
As is usual in all London inner suburban 
areas, the main flow of traffic is in- 
wards to the City in the morning, with 
a peak period between 7 a.m, and 9 a.m., 
and outwards from the City in the even- 
ing, with a peak period from 5 p.m. to 
7 p.m., except, of course, on Saturdays 
when it is earlier. The majority of the 
trains run between East Ham, or Bark- 
ing, and Ealing, Richmond, Wimbledon 
or Hounslow. 


Former working methods. 


There are eleven signal boxes between 
Campbell Road Junction and Barking, 
which are connected with the working 
of the electrified lines, and each of these 
also controls the working of through 
and/or branch steam lines. The signal- 
ling system, which was installed at the 
time of the widening and electrification 
to Barking from 1904 to 1908, namely, 
manual signalling with Sykes lock and 
block, together with mechanical train 
stops working with signals on the up 
and down local (electrified) lines, has 
been remarkably efficient, and at peak 
periods from 20 to 24 electric trains per 
line per hour have been worked, in addi- 
tion to the heavy traffic on the steam 
lines. This service had, however, to be 
reduced during foggy weather, but this 
notwithstanding, it is believed that no 
other system of block working would 


‘have given the same results, providing, 


as it did, a check on the signalman’s mo- 
vements with a minimum of operations 
for belling, accepting, and clearing each 
train, 


Signalling required for increased 
service. 


Although the maximum number of 
trains worked per line per hour was 24, 
a rearrangement of the Sykes block sec- 
tions and the respacing of signals would 
have provided for several more trains per 
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line per hour; but to increase the num- 
ber of electric trains to the maximum 
desired by means of mechanical signal- 
ling was impossible, mainly owing to 
physical and _ safety considerations, 
whilst to operate the block instruments, 
bells and levers would absorb too large a 
percentage of the train time interval. 
It has been generally acknowledged for 
many years that the only satisfactory 
method of dealing with intensive elec- 
tric traffic is by means of automatic or 
controlled automatic signalling, and in 
this case, owing to the presence of junc- 
tion and siding connections, controlled 
automatic signalling was decided upon, 
and no purely automatic signals are pro- 
vided. The subject was carefully exa. 
mined by the signal engineer in order to 
decide if there was a known system 
suited to the particular conditions. The 
occasional use of the electric lines by 
steam trains not fitted with train trips 
and not all fitted with continuous brakes, 
their greater use in the event of accident 
or derailment on the steam lines, the 
crossing of trains as at Bromley, East 
Ham and Barking, together with the re- 
tention of manual signalling Sykes lock 
and block on the steam lines: all these 
points presented a number of difficulties 
somewhat unusual in the re-signalling of 
intensive traffic lines. 


A novel system. 


The problem was a new one, and there 
was nothing in existence on other rail- 
ways which gave promise of a satisfac- 
tory solution; consequently the signal 
engineer had to devise a system to fit it. 
Before he perfected what may be eonsi- 
dered one of the most novel of modern 
signalling installations, a great deal of 
ground was covered in plotting out the 
effect upon the traffic movements of the 
various propositions. Multiple aspect 
signalling was considered, and although 
this would have been of value to steam 
traffic, it would have adversely affected 
the main electric traffic. He therefore 
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ultimately decided to employ two- -aspect 
signalling, and to make special provision 
for the working of the steam trains re- 
quiring to use these lines. Day colour 
light signals were also decided upon in- 
stead of semaphores, mainly on account 
of dark backgrounds; as the sight is 
good, distant or repeater signals are ge- 
nerally unnecessary, but to meet the re- 
stricted visibility during fog or snow, 
fog repeaters have been provided, with 
a consequent saving in fog-signalmen. 


Details of installation. 


With a view to increasing the carry- 
ing capacity to a maximum, the electri- 
fied lines have been track circuited 
throughout, and « normal clear » two- 
aspect colour light signals, with fog re- 
peaters and train stops, brought into 
use; these are operated by the continu- 
ous track circuits and are controlled by 
mechanical levers in the signal boxes. 
The presence of points and crossings at 
most places, the restricted spaces, and 
the necessity to cater for «hit and miss >» 
traffic, exercised an effect upon the sig 

nal positions; the gradients also in- 
fluenced the problem, but it was pos- 
sible to adopt the following general prin- 
ciples : 


1. That two-aspect signals should not 
be placed apart at less than electric train 
deceleration distance. 

2. That in order to avoid emergency 
braking, the fog repeaters should be 
placed at electric train deceleration dis- 
tance from the signals they where to 
repeat. 


It was thought that the adoption of the 
second principle would fulfil a useful 
purpose when fog did not prevail, as the 
positions would act as marker posts up 
to which trains could travel at normal 
speed before commencing to decelerate 
if the signal ahead were at danger. In 
arranging the train berths at stations 
consideration had also to be given to 
platform awnings, staircases and foot- 
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bridges to facilitate passenger move- 
ment. 


Power supply and distribution. 


As direct current is used for traction 
purposes it was essential to install a type 
of track circuit which would be unaf- 
fected by possible leakages from the 
traction supply, and, as alternating cur- 
rent track circuits became necessary, it 
followed that it would be more conve- 
nient to operate the entire apparatus 
from this supply. To guard against fai- 
lure, current is obtained from two sour- 
ces, and energy is taken at 440 volts, 
50-periodicity, single-phase, from the 
West Ham Council supply, and also from 
that of the City of London Power Com- 
pany at the signalling substation at Plais- 
tow, whence it is distributed throughout 
the installation. Two 440-volt signalling 
mains are run in each direction from 
the substation, one main being fed from 
each supply, so that, normally, half the 
energy required is taken from one 
source of supply and half from the other. 
It is carried through automatic switches 
in the substation, so that, in the event 
of a failure in either supply, the full load 
is automatically transferred to the live 
supply main and divided again when 
normal conditions are resumed. The 
signalling mains are led into alternate 
transformer huts, one of these being fix- 
ed adjacent to each signal box. By this 
arrangement each of the signalling mains 
normally carries half the load, the ad- 
vantage being that, in the event of a 
cable fault, the faulty section can be dis- 
connected at the transformer hut and the 
load transferred to the other one. All 
the energy required at each signal box 
is taken from the main transformer in 
the hut, where it is stepped down to 110 
volts. The existing signal boxes and 
mechanical lever frames have been re- 
tained. All points, facing point locks, 
and shunting signals, in addition to the 
signals for the steam lines, are still 
worked mechanically, and for the co- 


lour light signals the levers operate cir- 
cuit controllers off the lever tails. 


Signals and fog repeaters. 


The signals are fitted with separate 
lenses for each aspect, i. e., red and 
green. The main signal lenses are of 
8-inch diameter and are exceedingly 
efficient in bright sunlight. They are 
arranged to give a diagonal light to the 


‘driver at close quarters. The bulbs, 


which are of the concentrated filament 
type, differ slightly from usual practice, 
as double filaments are used in such a 
way that one filament is under-run, the 
main filament being rated at 12 volts 
24 watts and the auxiliary filament at 
14. volts 12 watts. It is expected that by 
this means the auxiliary filament will 
have a longer life than the main fila- 
ment, and, should the latter break, the 
auxiliary filament will give sufficient 
light until the bulb is replaced. Dim- 
ming switches are provided in the signal 
boxes to reduce the brightness of the 
lights during darkness. Each switch 
connects a choke coil in circuit, which 
reduces the voltage at the signal lamp to 
8 volts. Dimming is especially neces- 
sary in this case, as the mechanically 
operated signals on the through lines 
are lighted by oil lamps. Back lights 
are not provided. The few repeater and 
calling-on signals are of the short range 
type with a lens diameter of 6 inches, 
except that the normal white light of the 
calling-on signal is of 1-inch diameter. 
Constant indication of all colour light 
signal aspects is provided over the con 
trol levers in the cabins; these are of 
colour light type. The fog repeaters are 
also fitted with separate lenses for each 
aspect, as follows: 


Lunar white with word « Fog >» in 
black letters: signal at « Danger ». 
Green: signal at « Clear ». 


They are switched in by the signal- 
man during fog or snow. In cases where 
the fog repeater for the next signal ahead 
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is fixed below a colour light signal, 
when the signal on which it is fixed is 
at danger no indication is given by the 
vepeater. « 


Track circuits and overlaps. 


As the traction current is carried by 
means of third and fourth rails, both 
running rails were available for track 
circuiting purposes, and impedance 
bonds were not necessary. The whole 
of the track circuiting is of the conden- 
ser fed type, with two element vane re- 
lays located as near as possible to the 
commencement of each track, as it was 
considered that there would be no ad- 
vantage in concentrating them at the sig- 
nal boxes, The track relays, track trans- 
formers and track condensers are hous- 
ed in cast iron cupboards fixed on con- 
crete blocks, and the connections be- 
tween the running rails, track feed and 
relays consist of bare copper wire laid 
in grooved boxing fixed flush with the 
ballast. Suitable overlaps are provided 
on all colour light signals, and the over- 
lap track circuit, or circuits, maintain 
the last two signals at « danger». — 


Approach ‘and route locking. 


The usual route locking is provided 
by means of approach locks on the sig- 
nal levers, normal and reverse locks on 
the points, and facing point lock levers. 
The locks are all fitted with a « throw- 
down » arrangement, which forces thé 
locking bolt into the locked position 
each time the lever is moved to the posi- 
tion in which it should become locked, 
but, in addition, the locking bolt will 
fallin by gravity alone. Combined cir- 
cuit controllers and electric locks are 
used, these being fitted on the same base 
plate; the advantage of this combination 
is a great reduction in the length of wir- 
ing required. Sealed releases are pro- 


_ vided to the approach locks of the signal 


Jevers for use in emergency. The me- 
chanical signals which give permission 
for entering or crossing track circuited 


VII—9 


lines are also locked by track circuits, 
and suitable arrangements have been 
nade for the transference of traffic 
from Sykes lock and block territory to 
controlled automatic, and vice-versa. 


Train stops and proving. 


At each light signal position in the 
running lines an electric train stop is 
provided, which works with the signal. 
These are not indicated directly in the 
signal boxes as in the case of the light 
signals, but « train stop proving » has 
been provided. This arrangement is an 
ingenious one; it provides that, in the 
event of a train stop failing in the « off » 
position, the signal next in the rear will 
not exhibit a « clear » indication until 
the track circuits controlling the signal 
at which the train stop has failed are 
clear. The wiring of the signals. and 
train stops is so arranged that, on the 
appearance of the « green » aspect, the 
« red » aspect is maintained for a second 
or so until the train stop has moved from 
the trip position. The failure of a train 
stop in the up, or trip, position is thus 
indicated at the signal and in the signal 
box by the exhibition of both red and 
green lights. The light repeater in the 


~signal box can thus be used to indicate 


a faiiure of the train stop in the « off » 
position, as in such a case the red indi-. 
cation will be withdrawn immediately 
the green is exhibited. All facing points | 
and locks in the electrified lines, and 
also trap switches, are electrically de- . 
tected by the colour light signals, and 
constant indication of the detection is 
given in the signal boxes, 


Telephones. 


At certain signals which are situated 
some distance from the signal box a tele- 
phone is provided for the use of the 
driver or motorman should he be delay- 
ed at the signal for more than one mi- 
nute. The instrument is of the water- 
proof mining type and is fixed in a cup- 
board at or close to the signal post. 


Fig. 2. — Driver’s telephone Fig. 3. — Down local signals on station Fig. 4. — Up local signal, 
on West Ham platform, East Ham, near Hast Ham No. 2 box, 
up local starting signal. with relay box on separate pedestal. with fog repeater. 
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Fig. 5. — Interior of Plaistow signal box shewing illuminated diagram and instruments. 


The train 
destination indicator described in the text may be seen on the extreme left. 
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Fig. 7. — Wiring diagram of light signal controlled from two signal boxes. 


Fig. 8. — Automatic train stop (cover removed), West Ham up starting signal, 
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Fig. 10. — Down local signals, with fog repeaters, Fig. 44. : 
and the semaphore signals they have replaced, Lever locks connected up with mechanical leyers, - 
Hast Ham No. 2 box, Upper Abbey Mills Junction cabin. 4 


Fig. 9. — Facing point lay-out, shewing point detector and lock bar, down loop to up local line, East Ham. 


Bigaet2: _Fig. 18. — Down home signals, West Ham South box ; 
Relay case. near No, 2 cabin, ; another view demonstrating compact nature 
Hast Ham. of the new signals as compared with the old. 
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Calling is effected by raising a leyer on 
the side of the telephone, which causes 
an indicator to drop and a bell to be 
rung in the signal box; the bell conti- 
nues to ring until the indicator is res- 
tored by the signalman. Separate indi- 
cators are provided for each signal but 
only one telephone is provided at each 
signal box for all the signal telephone cir- 
cuits. Immediately below each indica- 
tor is a jack for the insertion of the tele- 
phone plug, but the insertion of the plug 
does not cut off the indicators from the 
lines, All indicators and jacks are plain- 
ly labelled with the number of the signal 
to which they apply, and when a signal 
box is closed the signal telephone cir- 
cuits are automatically switched through 
to the signal box in advance. 


Diagrams and train describers. 


Diagrams of strip light pattern are 
provided at each signal box to indicate 
the whole of the section from the over- 
lap of the starting signal in the rear. 
Train describers are provided from 
Bromley to Plaistow, and from Upton 
Park to East Ham No, 2 and Little Ilford 
No. 1 on the down ‘local line, and from 
Barking West to Little Ilford No. 2 on the 
up local line. They are of the magazine 
type, the first two trains only being in: 
dicated. The trains are described by 
hand at the transmitting end, and can- 
celled automatically by the track circuits 
or by hand at the receiving end. The ne- 
cessity for these describers is best illus- 
trated by the consideration of the fol+ 
lowing particular case. Reference to 
the diagram shows that the.down local 
line at Plaistow has one facing junction 
to the down through line, and another 
to the bay line. The down home signals, 
as has already been mentioned, are 
approach-locked by the track circuits; 
it is obvious, therefore, that the signal- 
man must put the home signal lever back 
before a train gets on the approach 
track, otherwise he is unable to set the 
junction points for the required direc-. 


tion, and it is thus essential that advance 
information should be given as to the 
destination of the train. Block working 
has been abolished on the local lines, 
but the single stroke bells have been 
retained, and trains are signalled on the 
bell under a revised code devised for 
this purpose. 


Steam train working. 


The large number of electric trains 
made it imperative that the _ signalling 
should be arranged to suit the electric 
traffic, and special arrangements were 
necessary to deal with the few steam 
trains which travel over the electric 
lines at other than peak periods. A very 
complete scheme of steam train protec- 
tion was worked out, but, after full con- 
sideration, was ultimately discarded 
owing to the complicated work involved. 
At the times steam trains require to use 
the electric lines a suitable interval be- 
tween a steam train and the preceding 
train can be arranged, but, as the steam 
trains are not fitted with trip gear and re- 
quire a greater breaking distance, special 
indicators have been provided to indi- 
cate to the signalman that automatic 
working has been suspended, and _ that 
the line is clear for a sufficient distance 
to allow a steam train to proceed. The 
indicator is operated by the signalman 
at the signal box in advance, by turning 
a handle on the apparatus to « Clear for 
steam train ». The handle cannot be 
placed to this position until the signal 
levers have been placed to « danger » 
and the track circuits are clear to the 
steam acceptance point, nor will the in- 
dication be given until the starting sig- 
nal lever is put back in the frame. The 
signalman does not pull his starting sig- 
nal lever again for a steam train until the 
indicator for the section ahead indicates 
« Clear for steam train », and until this 
indication is given, he brings the train 
step by step from signal to signal in 
accordance with General Rule 40a. As 
soon as the steam train clears the nor- 
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mal electric overlap track circuit, the 
indicator handle automatically assumes 
the normal position, and an electric train 


can follow close up behind the steam 
train with the same amount of headway 
as an electric train following another 
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Fig. 144. — Diagram indicating arrangements for steam and electric working. 
electric train. To enable the signaiman illustrated in the 28 November 1925, is- 
to carry out General Rule 40a correctly sue of Modern Transport (1). At peak 


at signals a long way from the signal 
box, or out of sight, « annunciators » are 
provided, which are operated by tread- 
les at about 300 feet before reaching the 
signals. 


Automatic cross-over at Barking. 


At Barking Station there are only two 
platforms available for inner suburban 
traffic, and the permanent way layout 
will not permit of the service it is pro- 
_posed to run in the future. It has been 
decided, therefore, to provide a new 
cross-over road leading from the down 
platform line to the extension of the up 
platform line at the east end of the sta- 
tion, and to work this cross-over road, 
and the signals connected with it, auto- 
matically, eihcet to control from Bark- 
ing West signal box and the adjacent 
ground frame. The complete arrange- 
ments will be on the lines of the automa- 
tic working of a somewhat similar case 
on the Mersey Railway (described and 


periods all trains will discharge at the 
down platform, and by the time station 
duties are completed the cross-over road 
and signal will have been set for the 
movement to the extended up platform 
line. As soon as the train is wholly off 
the cross-over, the cross-over points will 
be restored, the trap points will be clos- 
ed, and the signal given for the train 
to enter the up platform line if that line 
is clear to the starting signal. In 
the accompanying wiring diagrams, it 
will be noticed that the various con- 
trolling circuits are operated by line re- 
lays; these are of the single element vane 
type and are concentrated at the various 
signal boxes, the relays being in turn 
controlled by the track relays located at 
the termination ke of the track cir- 
cuits. 

The whole _ of the Riaiale 


ee”, 


(!) See Bulletin of the Railway Congress, Fe- 
bruary 1926 number, p. 137. 


track re- 


sti ae 


lays, transformers, condensers and cast- 
iron cupboards. were supplied by the 
Siemens and General Electric Railway 
Signal Co., Limited, of Central House, 
Kingsway, W.C. 2, whilst the line relays, 
train stops, train describers, and electric 


locks were furnished by the Westing- 
‘fhouse Brake and Saxby Signal Co., Limit- 
‘ed, ‘82, York Road, ‘King’s Cross, N. 1. 
The entire work, as already mentioned, 
was carried out by the railway compa- 
ny’s own staff, 


Speed signal aspects. 


Flashing lights in railway working, “? 


By C. W. 


CHIEF ENGINEER, 


PRESCOTT, 


METROPOLITAN VICKERS — G. 


R. S., LIMITED. 


(Modern Transport.) 


In automatic train control systems an 
endeavour is made to assist the driver 
in his duties by reminders and to control 
the speed of the train if he is incapaci- 
tated or forgetful. The indication given 
in the cab for this purpose must be 
speed indication, because that is the only 
language the engine understands. The 
introduction of speed aspects on British 
railways would involve a radical change 
in the present signal practice, and a con- 
siderable expenditure for alterations to 
existing methods. It is natural, there- 
fore, to ask : Is there any necessity for 
changing; .who will benefit by the 
change, and what return may be expect- 
ed from such expenditure ? It is sug- 
gested that the following conditions are 
reasons for the change : 


a) The demand for ietacas track ca- 
pacity, 

b) The increasing adoption of electric 
traction, introducing an extra class of 
train with high acceleration and power- 
ful brakes. 


c) Longer non-stop runs, which in- 
crease the territory covered by indivi- 
dual drivers. 

d) The increased speed of trains, 
which increases the number of signals 
to be observed per hour. 

e) Increased engine power, which has 
had the effect of reducing the window 
space in the cabs, making it more diffi- 
cult to view large groups of signals, such 
as some of our home signal bridges. 

f) The desirability of reducing the 
necessary period of training of drivers. 

g) The advantage to be obtained from 
easy transfer of drivers from one run to 
another. 


The benefits will be felt by the rail- 
ways as a whole in increased returns 
from investment in track and rolling 
stock, more efficient service from driv- 
ers using simplified aspects, which give 
them more information than they now 
receive, decreased cost of structures at 
interlockings, and greater standardisa- 
tion of signa) anes atus and controlling 
gear. 


(!) Abstract of a paper read before the Institution of Railway Signal Engineers, London, 
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The ideal condition. 


Maximum track capacity would be 
gained if each driver could have before 
him on his engine a continuous indica- 
tion of two essential factors which affect 
his running. These are: a) The length 
and condition of track ahead over which 
he is permitted to proceed, and b) the 
length of that track which he would 
traverse before coming to a stand if he 
were called upon to stop, plus or minus 
a factor dependent on the difference be- 
tween the stopping distance of the train 
in question and the most powerfully 
braked train which might be ahead. 
With these two factors reduced to com- 
parable terms, i. e., expressed either in 
speed or distance, the driver could travel 
at maximum speed at all times and the 
maximum capacity of a track would be 
obtained, providing interlocking signals 
were efficiently operated. The track in- 
dication would be corrected for the track 
conditions, such as gradient curvature, 
and permanent speed restriction existing 
between the engine and the next « ob- 
struction », be it the tail of the train 
ahead or a stop signal, The engine indi- 
cation would be calibrated in accordance 
with the braking characteristics of the 
train asa whole. There is no doubt that 
this can and will be done in the future, 
but in the meantime, let us consider how 
elosely we can approach to the above 
condition by means of fixed signals giv- 
ing speed indications. : 


Limitations imposed by fixed signals. 


If we could have two devices like route 
indicators at every signal, showing in 
plain figures the maximum speed at 
which the train might travel through the 
block governed by that signal, and the 
speed at which it should be moving when 
it reached the next signal, we would ap- 
proach what we have called the ideal 
condition in which the signal is carried 
on the train. As this scheme would not 
differentiate between trains of different 


brake power, suchas goods and passenger, 
it would be necessary definitely to divide 
trains into classes in this respect. The 
indication might be made to show the 
speed applicable to the most poorly brak- 
ed train and the drivers of other trains 
would then use a conversion factor. 
This would not be as difficult as it 
sounds, and is not as bad as remembering 
route indications, because the same fac- 
tor would apply to all signals, and so 
long as a driver is controlling one class 
of train he has no necessity to think of 
nrore than one factor. In all probability, 
were the scheme in use, an enamelled 
plate bearing the factor clearly on the 
face of it would be fastened in a cons- 
picuous place in the cab by a responsible 
official when the train was made up. If 
the brake power of three classes of train 
were in the ratio of 1 for unbraked goods, 
2 for the braked goods, and 4 for pas- 
senger trains, the indicated speed would 
require to be multiplied by approxim- 
ately 1.4 for braked goods and 2.0 for 
the passenger. In practice, this would 
become 1 1/2 and 2, so that 20 miles per 
hour on the indicator would mean 20, 
30 and 40 miles per hour respectively, to 
the drivers of the three classes of train. 


Speed indication. 


The display of indicators instead of, or 
even in conjunction with, signals, is 
not feasible, because they cannot be read 
at sufficient distance. In the case just 
considered, a train might pass a signal 
enforcing 20 miles per hour for the 
length of the block and at the instant it. 
passed, conditions might change to per- 
mit of a speed of 40 miles per hour, but 
the driver would not be able to avail 
himself of the new indication with res- 
pect to the block he is occupying. He 
might see a higher speed indicated at the 
next signal, but that would not authorise 
him to increase his speed before he 
reached that signal unless he knew that 
there was no permanent restriction in 
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the block. There is, therefore, a neces- 
sity for a distinction between a perma- 
nent speed restriction and a removable 
one depending on conditions ahead, and 
this is not provided for in the present 
standard aspects. Reduction of speed 
while passing through the block is co- 
vered, but increase of speed is not. If 
speed indications are to be generally 
adopted in England, they should, if pos- 
sible, be such as not to be confined to 
colour light signals nor should they ne- 
cessarily require electricity, at least dur- 
ing the transition stage. Further, since 
we cannot have infinite gradations, we 
must consider how many proceed aspects 
are feasible and what speeds they should 
represent. 


Signal spacing. 


The speeds chosen must bear a definite 
‘relation to one another for the minimum 
spacing of signals. The low speed will 
have a stopping distance much less than 
the minimum spacing of signals, but the 
next higher, say, medium speed, must at 
least be such that a train may be brought 
to a stand in the space between signals. 
‘This space must be sufficient to allow 
the speed of a train to be reduced from 
the next higher, say, normal speed, to 
medium speed, and from a further speed 
if employed, say, high to normal. This 
means roughly that for trains having 
similar retardation, the following ap- 
proximate relations hold good : 


Medium, Normal. High. 
20 28 ees 
25 35 fees 
30 42 52 


If we consider signals 1 200 feet apart, 
and that this is braking distance for a 
goods train at 30 miles per hour, then we 
would have the following speeds for 
medium, normal and high on the assump- 
tion of brake powers, 1 for unbraked 


goods, 2 for braked goods, and 4 for pas- 
senger : 


Medium, Normal. High. 
UG BG P UG BG P UG BG P 
30 42 60 42 59 84 52 72 — 


These figures are to give an idea of 
relationship only. The « materials » to 
hand at present include arms: capable 
of three positions, three long-distance 
colours — green, yeliow and red, anda 
short range light — purple and lunar 
white, which is a distinctive light and 
which might be used in combination 
with some of the others. Use may be 
made of position, colour and a combin- 
ation of these two to differentiate as- 
pects. : 


Repeaters. 


The most flexible method of giving in- 
formation respecting the signal in  ad- 
vance is by a separate distinctive signal 
which repeats its aspect. This repeater 
signal must be safeguarded, so that it can- 
not be mistaken for a home signal or 
display a proceed indication at the same 
location as a home at « stop ». The 
three-position signal is more economical 
than the separate repeater in arms,lights, 
and, with power-worked signals, in me- 
chanisms. It is desirable that a repeater 
signal should be returned to its most 


restrictive indication immediately the 


train passes it, and, when this is done, 
the extra cost of adding a stop indication 
(a red light) and making it a block signal, 
is generally trifling compared with the 
advantage obtained. Even if the signals, 
when correctly spaced for the anticipat- 
ed headway, do not require a stop signal 
at the repeater location, it is an asset 
when traffic is congested. When three 
or four. different proceed aspeets are re- 
quired, the difficulties of repetition are 
increased. 


: 
: 


Speed aspects. 


Speed signal aspects have followed the 
lines of one arm (or light) one speed, up 
to the present, and, so far as can be ascer- 
tained, have only been used with three- 
position signals. There appear to be 
other methods which might be consider- 
ed in places where the three-position as- 
pects are not standardised. It is more 
important to have speed indications than 
to adhere to the world-wide interpreta- 
lion of the three-position signal, and it is 
not essential that the stop and repeatei 
indications be displayed by the same 
signal. The necessity for repeating the 
signal in advance, is to tell the driver 
what he is expected to do while passing 
through the block, in order that he may 
obey the indication of the next signal 
when he reaches it. There are only 
three things he can do : 1. Reduce speed; 
2, continue at a speed not greater than 
that allowed by the signal; or 3. acceler- 
ate, if the signal ahead permits. If, there- 
fore, a distinctive signal giving three in- 
dications — say, reduce, continue, and 
accelerate — could be devised and used 
in conjunction with speed aspects, these 
would not have to be increased, even 
though the number of the proceed speed 
aspects were greater than three. 


Flashing signals. 


It has been proved in marine signalling 
that an intermittent or flashing light is 
a very_arresting indication and can be 
seen farther than a fixed light at night. 
This principle might be applied to signal 
lights to give a second indication with 
one colour. Reliable flashing arrange- 
ments can be obtained, both for electric 
and other lights, and these could be used 
with mechanical or electric signals. If 
the flashing indication is admitted to be 
practicable, we then could increase the 
indications of signals very usefully. For 
instance, a two-position signal can give 
two proceed aspects : Stop — steady red; 
proceed at mediunr speed — steady 


green; proceed at normal speed — flash- 


ing green; or three, if flashing red would 
be considered as a call-on. If this is not 
considered desirable, a low speed or 
call-on may be obtained, as at present, 
by a separate arm or by a single light 
used in conjunction with the red of the 
signal. If more than three proceed in- 
ilications are required, the three-position 
signal might be used, giving four proceed 
indications visible at long range, as fol- 
lows : 


Horizontal, steady red : stop; 

45°, steady yellow : low speed; 
495°, flashing yellow : medium speed; 
90°, steady green : normal speed; 
90°, flashing green : high speed. 


The two-position upper quadrant me- 
chanical signal is being adopted cn some 
of our railways, and a three-position me- 
chanical signal is quite feasible. There- 
fore the above suggestions are applicable 
to mechanical as well as electric signals. 
Instead of a repeater, a lunar white light 
might be used to give the « continue » 
by burning steadily, the « increase » by 
flashing, and the « reduce » by being 
absent, and if this were adopted, automa- 
tic or stop and proceed signals might be 
differentiated from interlocked or « stop 
and stay » by any desired marker. If 
it is agreed that permanent speed restric- 
tions are so few as to be satisfactorily 
covered by some other sign, then the 
flashing of the « repeater » could be dis- 
pensed with and a steady white used to 
show that the next indication may be 
obeyed on sight. 

In conclusion, it may with confidence 
be asserted that speed signal aspects of 
any efficient type will reduce junction- 
signals to the limit of simplicity and 
make their indications uniform at all 
places. They are necessary to enable 
track to be used to its maximum capacity 
by reducing the space between trains in 
relation to their speed and braking cha- 
racteristics, and they simplify the links 
in the chain of communication between 
the signalman and the driver. 
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Some lessons of the Sevenoaks accident, 


By C, F. Denpy MARSHALL, M. A., 


M. I. Loco. FB. 


(The Railway Engineer .) 


The able report by Sir John Pringle on 
the subject of the derailment which oc- 
curred near Sevenoaks in August/1927, un- 
doubtedly contains all the matters of fact 
which can be arrived at in connection 
with it, and most of the conclusions that 
can safely be drawn from them. Such 
deductions are necessarily circumscrib- 
ed and brief in an official report, and 
some interest and perhaps profit may be 
derived from an examination of the facts 
with a fuller and less restricted discus- 
sion. 

It is most satisfactory that, whereas in 
the 20 years 1885 to 1904 there were 100 
inquiries into derailments, during the 23 
years 1905 to 1927, only 40 were requir- 
ed. And this result is in face of the fact 
that engines have been getting heavier all 
the time, while the appropriate streng- 
thening and reconditioning of the track 
is bound to lag behind the increase of 
weight, since any given section is only re- 
laid at fairly long intervals. Probably 
the weight itself is the principal factor 
that has brought about this improvement, 
the engines running more steadily, in the 
same way as a heavy motor-car gives 
more comfortable riding. 

The test runs after the accident have 
brought out several valuable facts. The 
engines ran more steadily bogie first 
than forwards. Here we have a distinct 
indication that bogies are preferable to 
ponies for the leading ends of engines to 
be run at high speeds. These particular 
engines are of an ideal design for making 
this comparison, being otherwise prac- 
tically symmetrical. There is, of course, 


one condition which is radically differ- 
ent in the two directions, namely, the 
position of the cylinders and of the dis- 
turbances set up by the reciprocating 
parts. But a moment’s thought will 
show that the pressure on the slide-bars, 
of which more presently, tends in both 
cases to lift the end which is leading. 

The running was better with tanks full 
than nearly empty, a result which at first 
sight looks as if tanks, or equivalent 
weights in their position, might be an 
advantage at high speeds. If this is not 
so, as it can hardly be, the effect must 
have been due to surging of the water 
when there was room for it to do so. In 
order to hinder water from passing from 
one tank to the other during a roll, the 
diameter of the connecting pipe should 
be kept down to the smallest figure com- 
patible with avoiding delay when the 
tank on one side is being filled. 

The tank engines rolled more than a 
tender engine on the same pieces of line. 
How far is this greater steadiness of the 
latter due to the restraining influence of 


the tender, with its own period of rolling, 


which is unlikely to coincide or harmo- 
nise with that of the engine? Probably 
not entirely, but the point should be 
borne in mind when designing the coup- 
lings. In the report the greater stability of 
the tender engine is attributed to stiffer 
springing, which at the same time is con- 
demned by Mr. Gresley because it is 
damaging to the track. The vibration of 
this engine was very severe. 

- The use of spring-compensating levers 
is suggested. These appliances are a 


Sa 


palliative for a bad track, as they distri- 
bute shocks, but have never been found 
essential inthis country,although applied 
occasionally. In America they ate al- 
ways employed, for which there may be 
a special reason, to be discussed later. 

A valuable feature of the accident is 
that it has given an indication of the rol- 
ling period of engines of this type, since 
the pair of wheels which first went off 
left distinct markings, first one side and 
then the other, revealing a period of from 
1 1/4 to 1 3/4 seconds. The report con- 
tains a profile of the outer rail showing 
the super-elevation, which was insuffi- 
cient everywhere, and very irregular. 
I have tried to project the rolls back- 
wards from the point where the first 
wheel mounted, in order to see if there 
was any relation to the ups and downs 
of the rail, but without much success, 
except that there is a very good start for 
a roll at the end of the transition, which, 
by the way, < transgressed » the wrong 
way. But we are not given the true pro- 
file of the rail in space, only with refer- 
ence to the other rail, which was prob- 
ably just as badly out of level, and may 
have had a share in augmenting the rolls. 

This report clearly shows the great im- 
portance of keeping the vertical alignment 
of the rails as nearly true as possible. 
It is not sufficient for the platelayers 
merely to ram the ballast firm. Each 
rail should be carefully levelled from end 
to end, or if there is a gradient, set at 
precisely its correct inclination to the 
horizontal. 

Nothing is said in the report about the 
fact that the stresses on the rails caused 
by individual axles at high speeds differ 
materially from those set up by the ob- 
served loading when the engine is at rest, 
nor is the extent of this variation general- 
ly realised. Some experiments carried out 
in America by Mr. H. F. Roach show the 
vital importance, from the point of view 
of the permanent-way man, of placing 
only a moderate weight on the trailing 
wheels. He drew a straight white line 
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on the side of the rail, and photograph- 
ed it during the passage of an engine, 
subsequently magnifying the result, in a 
vertical direction only, by 400. Some of 
the photographs he obtained, which are 
reproduced in my book The Resistance 
of Express Trains (1) show that the rail 
is distorted in a series of peaks, one un- 
der each wheel, like an inverted moun- 
tain range. At the slowest speeds the 
slope commences some distance ahead of 
the engine, and recedes sharply at the 
tender. But in the case of a 4-6-2 engine 
running at 55 miles an hour the slope 
only begins about the middle of the bo- 
gie. The peaks under the other wheels 
increase to a maximum under the trailing 
wheel, the ‘distortion being nearly main- 
tained under the first tender wheel, even 
there being considerably greater than 
under the driving wheel. This effect is 
principally one of hysteresis, owing to 
the stiffness of the rail, but there is an- 
other factor, also not generally recognis- 
ed, tending in the same direction, which 
is the « trim > of the engine at speed. 
An express engine is in some ways like 
a fast launch; she not only displaces the 
track like the latter does the sea, pro- 
ducing rail-creep, but actually sets up in 
front, reducing the weight on the leading 
wheels, and increasing that behind. 
This tendency was first pointed out by 
Mr. Marié, in his valuable Traité de sta- 
bilité du matériel des chemins de fer, 
published in 1924. There are three cau- 


‘ses : the air pressure on the front, acting 


in this case at a centre about 8 feet above 
the rail; the tractive pull at 3 1/2 feet up; 
and, much the most important, the up- 
ward pressure on the slide-bars. The 
following rough calculations indicate the 
i The engine is nearly 
symmetrical, and we can take it she turns 
about the line joining the points of con- 


(1) The Resistance of Express Trains, by C. F. 
Dendy Marsnatt, M. A. Published by The Ratlway 
Engineer, 33, Tothill Street, Westminster, London, 
S. W. L.- Price 20sh- 
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tact of the driving wheels with the rails. 
The leading wheels are 16 ft. 1 in., or 
193 inches, from the drivers. 

From Table II of my book we find that 
the frontal pressure in a calm on an en- 
gine of 100 square feet area at 60 miles 
an hour is 821 Ib. The uplift due to this 
cause is therefore about 410 lb., a figure 
which may be more than doubled in a 
high wind. We have now to consider 
what pull the engine is capable of exert- 
ing at 60 miles an hour. With 200-Ib. 
boiler pressure and a pair of cylinders 
19 inches by 28 inches driving 6-foot 
wheels, it is fairly~considerable. The 
maximum tractive effort is 10 to 10 1/2 
tons. The train weighed 250 tons plus 
load, and was on an up gradient of 1 in 
160, the effect of the gradient alone being 
therefore 1 3/4 tons or so, to which must 
be added its resistance. There would, 
of course, be a reduction due to decelera- 
tion. On the whole, it is probably safe 
to assume that the pull might reach 
2 tons, though it could not be maintained 
at that speed for any length of time. The 
effect would therefore be 


42 re 
4 480 x 193 > 965 lb. 


That of the slide-bar pressures is more 
difficult to estimate. As it may be a new 
idea to some people that they are a seri- 
ous disturbing force it may be well to 
show how they operate on the weight 
and balance of the engine. Suppose the 
stroke is increased until it is equal to the 
radius of the wheel. Let the crank-pin 
be at its lowest point, and the brake 
hard on. It is now easy to see that if 
steam is turned on in front.of the piston 
there is a pressure upwards on the slide 
bar and downwards on therail, _ If press- 
ure is applied behind the piston, the op- 
posite occurs. A consideration of the 
state of affairs when the crank-pin is up 
will show that the pressure is still up- 
wards on the bar and downwards on the 
rail when going forward. The maximum 
pressure would occur about half-stroke 
if there was no expansion; but the effec- 


tive pressure is coming down fast from 
the moment of cut-off. 

The actual pressure on the bar at any 
moment is P tan @, where P is the total 
pressure on the piston and @ the angle 
of the connecting rod to the centre line 
of motion. With a 6-foot wheel at 
60 miles an hour, the maxima on one 
side, being two per revolution, occur 
9 1/3 times per second. If we assume 
the maximum to be when the crank is at 
a right angle to the connecting rod, and 
the pressure in the cylinder at that mo- 
ment to be 100 lb. per square inch, tak- 
ing the length of the connecting rod to 
be 8 feet, which it appears to be from the 
drawing, the value, for one side. only, is 


100 * 19 «19 K 22 K 14 
2X 2a KI6 


Such impulses as these, applied with 
such rapidity, will probably produce a 
permanent uplift of at least 3 600 Ib., es- 
pecially as earlier in the stroke, although 
the angle is smaller, the steam pressure 
is greater. It occurs on both sides, the 
centre of its application being just about 
half-way between the leading and driving 
wheels, and the total effect on the former 
is therefore 3 600 Ib. 

Summing up we have : 


= 4 136 Ib. 


AGT = Sle ranea about 400 (which may be 
1 000 in a gale) 
Pratl oF oie — 1000 
Slide bars. . — 3600 
Total. <.:. — 5000 1b 


or well over 2 tons, being about 20 % of 
the 11 tons on the leading wheels in the 
present case, showing that trim is clearly 
a matter to be reckoned with, especially 
if an engine is inclined to pitch, and sug- 
gesting that a speed limit is desirable for, 
engines with a pony in front, also that 


centring arrangements operated by 
springs are preferable to those depend- 
ing on gravity. 


Locomotives engineers could borrow 
some ideas with advantage from motor- 
car practice. It is interesting to hear 


pelighaib bik Miata seca chntncn sano va 


baie (iw) bids. 
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that a windscreen wiper is being tried, 
but there is more than that. I have be- 
fore pointed out the absurdity of leaving 
train speeds to guesswork when every 
cheap little car has a speedometer. Such 
a fitting would be especially valuable in 
the dark, when it and the other instru- 
ments should be lit up electrically. 
over, all the lamps should be electric. 

In Colonel Mount’s report on the Den 
of Cowie derailment, attention is called 
to the desirability of having substantial 
wheelguards and check rails on bridges 
and viaducts, splayed at the ends, to 
keep vehicles which have been derailed 
close to the alignment of the track. The 
Sevenoaks disaster suggets that these sa- 
feguards might be equally valuable 
where the line passes through overbrid- 
ges, an idea which does not seem to have 
occurred to anyone before. 

There is one last point which is, I sub- 
mit, worthy of the careful consideration 
of American engineers. It is connected 
with the rail-joints. Coming, as they do, 
at regular intervals, they are a potential 
danger if at any attainable speed their 
impacts can come into unison, or even 
harmony, which the natural periods of 
the vehicles. We set them in line with 
one another. With 45-foot rails, at 
61 miles an hour the joints come every 
second. The period of pitching, induced 


More- 


by parallel joints, is probably far quick~ 
er than this. But when, as in America, 
they are set alternately, their tendency is 
to set up a roll, the period at 61 miles an 
hour being a second. In my book I 
pointed out the possible danger of this 
arrangement, without knowing what the 
rolling period of an engine might be. 
From the report under discussion it ap- 
pears that the period shown by the dam- 
age to the track was from 1 1/4 to 1 3/4 
seconds, and as shown by an accelero- 
meter on a normal run 1 to 1 1/10 se- 
conds in the case of the tank engines, but 
less with the tender engine. 

It therefore appears that there is con- 
siderable risk about the alternative me- 
thod, because the impulses, though only 
small, are regular, and the question 
arises, how do the American engines stay 
on the rails ? I have come to the con- 
clusion that the spring compensating sys- 
tems are their salvation, as they destroy 
the rhythm and distribute the impulses; 
that the arrangement of rail joints is the 
cause of the apparent indispensability of 
these appliances in America, as’ compar- 
ed with their superfluity over here; and 
that the millions of dollars spent in sup- 
plying the engines with them for all 


-these years might have been saved if the 


rails had been set with their joints to- 
gether. 
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Railway road services in France. 
Devalopments of the Paris, Lyons and Mediterranean Railway autocar system. 


Figs. ] to 3, pp. 603 to 606. 


(Modern Transport.) 


Unhampered by extensive legislative re- 
strictions, the French railway companies 
have been able, during recent years, to 
make very extensive developments in the 
organisation of road passenger services, 
especially in the more picturesque parts 
of the country frequented by tourists. 
One of the pioneer companies in the 
adoption of these services was the Paris, 
Lyons and Mediterranean Railway, the 
first road passenger service of which 
system was inaugurated in 1909, when 
M. Margot, the present director-general, 
then chief engineer of the running sec- 
tion, saw the enormous advantages pos- 
sessed by motor coaches for tourist ser- 
vices in the mountainous districts of 
France, which were untouched or very 
sparsely served by the railways. Simul- 
taneously with the proposal for the oper- 
ation of such services in the French Alps, 
the Touring Club of France launched its 
plan for the establishment of a touring 
road, known as the « Route des Alpes », 
to extend from Nice to Evian, via the 
‘mountain passes. Over a considerable 
portion of the route, roads were already 
in existence, and only needed local im- 
provements, The only important section 
which required to be constructed was 
one between the upper Are Valley (Bon- 
neval) and the upper Isére Valley (Val 
d’Isére), over the Iseran Pass, at a height 
of 9 085 feet above sea level, the terminat- 
ing point of the projected touring road. 
Owing to the difficulty in plotting the 


exact route to be followed and later the 
financial crisis following the war, this 
road has still to be constructed, but for- 
tunately a different road was available in 
this section, and, although regarded at 
the time as being somewhat dangerous, 
the « Route des Alpes » was opened to 
passenger automobile traffic in 1911. 


Equipment of coaches 


From this comparatively small start 
has sprung the widespread road services, 
more than two hundred in number, now 
operated by the Paris, Lyons and Medi- 
terranean Railway and its concession- 
naires. Under the present system of op- 
eration all services are leased to local 
companies. These concessionnaires are 
free to operate any type of chassis ‘they 
choose, but, for purposes of safety and 
general convenience, the railway com- 


pany requires that the equipment of the 


vehicles should include servo brakes on 
all wheels, a second braking system inde- 
pendent of the servo brakes, and, in ad- 
dition, all vehicles must be fitted with 
electric lighting and starting equipment 
and with a klaxon horn, All vehicles 
are fitted with motors of 20 H..P. rating. 
The types of vehicles in general use by 
the concessionnaires include Berliet, 
Cottin-Desgouttes, Delahaye, Renault and 
Rochet-Schneider. In all cases the rai!- 
way company requires that each passen- 
ger shall have a large armchair seat. The 


QARCY Sun 
Bene 4ES LAUMES- ALE SIA 


SS p ALLON PLAvishy 


e 
q VAL SuLOR 
D 
cuasTticum) é 5 
le OLemcane-qurvini 


QUARRE-LES-TomBES 


POUILL YEW AUZOIS 
LA CHAUX DE FOROS 


(a OFS SETTONS 


fe 0 i 
os a Lac Of erenne 
ADCs pancors iS: 
e, 
CHATEAU CHINO® : Wun tee 


DIR fe. 
OauTur TE PCR ISENOH UCMATEL 
Ls: 


by CERCY La TOUR 
NTARLIER Op of monat 
P FRASHE 


%, jUISSO 
AES wans LAC Ht meucHaree 


SWITZERLAND 


wonTcnamn 2 


CHALOM 5-S20Ne QD oner 


PARAY-LE MOmAL 


USANNE 
CHOUVIGNT 


a. S‘GERMAIN- DES FOSSES Cluny o ; 
O : ce 8 N 
Macon $ Over 
S é we 
a © 7 > ILRp-O 
¥ : 4 Qs" maurice w 
~ s, IN e 

A) 


AIGUEPERSE Ie F yy 
naouc DES oes a: oi 6 cor 085 Ge ty > 
u ‘ p KOS 


CHATEL-GUYONG E 


voivic & 


CLERMONT-FERR ee or 
at | pi G sig Pathe Sy btanc 


PUY OE DOME : ¢ R ‘ 4 
s i 4 4 _GLACILR Ut 610% mASsAr 


ci oe y GROTTES BE i ‘s. 
(4 mungwo Ze (A BALE . i Y gy tuner 
GORGES OF LARLY OUR MAYEUR 
SJusine 


RAN OANNE O OLLIERGUES @& 7 7 oO 
AOSELENO [LES CHAPIEUX AOSIt 
Ua BouR ni 7 0 Fcot ov Pein! sae RNAAD 
O EL W/, ORBOURG S' MAURICE 


BOULEU 4 
Y ISSOIRE 
° 7 AMOUneERsSOR 


’ ne S'NECTA E STETIENNE ¥ saves 
LE MONT DORE, ac eenaoe 


Porsse 


Cop "DU Bonnomme 


QPustr 
Wao Sere 


MWCO Dt 6 st nae 
Peokwever 


O 
NANCAOI 


PRecOGnan O st 
1 
meet. _ 9 P va 2 anst (80uR 
wassiAc TOURKON 7 f > OR carbu arcenis 
YSSINGEAUX iF - 
“4 fo. 


eauor > 


eae TURINe 


f[ co. ou caueicd~ 


REFERENCE Rey i pketaco. ov cavrahcr 
Se 2 < 7,001 OU wonr ceatvae 


: oe m : 
—— |moror COACH ROUTES BOURG 0 Peace “ea DB : Je BRIANCON 


ee RAILWAYS MONESTIER-Cy ‘ ] 5 
H ne-c.cneont & g cor 0 agen 
FUNICULAR RAILWAYS} GPE: ( angewneat aginisy | LALLY: 
FRONTIERS (eval GauDEMAR D . 
D CBRES 
. . CHaAthau guéynas 


x N COL OE La WOM naueHin Ftes 
CAP CORSE Ny CAOM: HAUTE APourtesrae  ° Oatwso 


CORS ICA eos 2 GeO monreriman J 


\ FoR! dy, ToURNOUA 
A cenounac Y 


OTST, 
ol sabniates 
11 ORENT 


dl o 
ILE ROUSSE —<—- i z : 
, J . 
PONTE LECCIA DS - 


ataia or 2 

ALERIN en DSR GINA o F . 

che he Fa 5 GORGES Douriaumes =, 
eo, 


DaLuns srpanrinve 
ISA PONT Of CUEYOAN” 

re) 
er TIN GORGES 

ea seine ‘DU CIANS dame oN 


CORGES OU YEADON GORGES Ot La Kc y 
MOUSTIERSG QCASTELLANE Levens 
a marie 


vaAUVE 


of fac CANNES 
VSRAPHAE 
’S RAPHAEL 
PIROPED 


Fig. 4. — Map shewing the extent of road passenger services of the Paris, Lyons and Mediterranean Railway. 
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number of these seats to a coach is either 
eleven or fourteen, according to the type 
of coach, and the seats are arranged 
across the coaches in rows of three. All 
chassis and bodies are built as low as 
possible and the doors are large and 
numerous to facilitate mounting and 
alighting. The Paris, Lyons and Medi- 


terranean Railway has fixed the follow- 
ing limits for weight and dimensions of 
coaches, in order that the vehicles may 
be as easy as possible to handle and that 
they may be able to negotiate the nar- 
rowest and most difficult roads likely to 
be encountered : 


Maximum weight....... 3 400 kgr. (3 tons 7 cwt.). 
Eleven-seaters ....- - | Maximum wheelbase. .... - 3.6 metres (11 ft. 9 3/4 in ). 
Maximum width. ..... . 21 — (6 ft. 103/4 in.). 
Maximum weight ....... 3 700 ker. (3 tons 13 ewt.). 
Fourteen-seaters. . . . ( Maximum wheelbase .... . 4.1 metres (13 ft. 5 1/2 in.). 
Maximum width........ 2.2 — (7 ft, 25/8 in). 


New vehicles. 


During the present year the railway 
company is undertaking a number of ex- 
periments in an endeavour to improve 
the various services. All concessionnai- 
res have already been instructed to con- 
sider the introduction of coaches with 
bodies of the all-weather type. Several 
experimental vehicles of this type were 
introduced at the end of the last season, 
but a definite choice has yet to be made. 
A number of vehicles with semi-enclosed 
bodies have been in service for some 
years on the Corniche routes, described 
below; these are capable of carrying nine 
passengers in the covered saloon at the 
rear, and five passengers in the front 
‘open section. For the first time, also, a 
number of coaches with seats for only 
seven passengers are being introduced 
on the less popular routes during the 
present season. Twenty of these vehi- 
cles, equipped with two spare wheels 
and, in addition, two spare tubes, have 
already been put into traffic. 


Vichy services. 


Apart from a daily service between 
Paris and Fontainebleau, a total distance 
of 146 km. (90.7 miles) for the double 
journey, and three shorter services in 
and around the forest of Fontainebleau, 


4& 


al] the road passenger services are in the 
departments to the south of Burgundy. 
From the towns of Dijon and Avallon 
there are five local services operated dur- 
ing the summer season; two from Dijon 
and three from Avallon. Four of these 
services run every two or three days, and 
the fifth daily. The distance covered by 
these services varies from 112 km. (69.6 
miles) to 166 km. (103.1 miles) the maxi- 
mum fare being 70 francs. Passengers 
are carried for portions of the journey at 
the rate of 50 c. per kilometre. Apart 
from the Alpine services, the famous spa 
Vichy is the principal inland centre for 
the Paris, Lyons and Mediterranean road 
services. There are seven local circular 
sight-seeing routes, in addition to four 
services operated jointly by the Paris, 
Lyons and Mediterranean and Paris-Or- 
leans Railways and the important cross- 
country service from Vichy to Grenoble. 
The latter service is operated every other 
day in each direction, and two days are 
necessary to.cover the journey of 401 km. 
(249.2 miles). In each direction an over- 
night stop is made at Le Puy. Coaches 
leave Vichy and Grenoble every Monday, 
Wednesday and Friday, and pass through 
the picturesque towns of Thiers, La Chai- 
se-Dieu, Allégre, Sainte-Agréve and Va- 
lence. The fare for the through journey 
is 210 frances single, and 370 francs re- 
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turn. Shorter journeys may be made at 
the rate of 70 c. per kilometre. This 
through service is operated by two sepa- 
rate concessionnaires, one working the 
Grenoble-Le Puy section and the other 
being responsible for the remainder of 
the route.. From both Vichy and Le Puy 
special three-day trips are operated dur- 
ing the summer season to the celebrated 
Gorges du Tarn. The fare for the former 
trip is 360 frances for the complete cir- 
cuit of 841 km, (522.6 miles), while that 
for the Le Puy service, which is a bi- 
weekly one, is 250 francs for the journey 
of 484 km. (300.7 miles), including a 
short steamer trip. 


Alpine services. 


During the past few years some of the 
most popular of the Paris, Lyons and Me- 
diterranean road passenger services have 
been those linking the various Alpine re- 
sorts with the Riviera, Geneva and Lyons, 
and the north. Owing to climatic con- 
ditions considerable variations have to 
be made in the routes in winter time, the 
existence of snow and ice making it im- 


possible for the roads used in summer 


to be followed. For example, the prin- 
cipal summer service from the Cote 
d’Azur is from Nice, via Beauvezer, Bar- 
celonnette, Briancon and St. Jean de 
Maurienne,- to Chamonix, this journey 
being accomplished in two and a half 
days, overnight stops being made at 
Briancon and Beauvezer. In winter time 
the Riviera-Alps service is via Digne, 
Grenoble, Aix-les-Bains and Annecy, 
overnight stops being made at each of 
the first three places. Chamonix is the 
terminus for no Jess than five long-dis- 
tance road services, in addition to a large 
number of local circular sight-seeing 
tours, being linked with Geneva, Evian, 
Annecy, Grenoble and Briancon in one 
or two-day stages. An extension from 
Geneva places the popular Alpine resort 
jn direct road communication with 
Lyons. while a steamer from Evian to 


Ouchy, across Lake Leman (Lake of Ge- 
neva) provides connections with Besan- 


con and Belfort. A special service — an 
extension of the original « Route des 
Alpes >» — is now operated from Nice 


during the months of June, July, August 
and September. This journey is covered 
in eight daily stages, the route followed 
being : Nice-Annot-Barcelonnette-Aiguil- 
les- Briancon-Le Lautaret-Grenoble-Aix- 
les - Bains - Annecy-Combloux-Chamonix- 
Evian-Ouchy (by steamer) — Besancon- 
Belfort-Besancon-Champagnole and Ge- 
neva. In summer time the fares for the 
various Alpine services vary between 
60 c. and 70 c. per kilometre. In winter 
time, however, the average fare is about 
80 c. per kilometre. In both cases con- 
siderable reductions are made for pas- 
sengers who travel the whole journey. 
In most cases the services are operated 
daily in each direction. 


Cote d’Azur routes. 


Considerable efforts have been made 
during the past two years to extend the 
Riviera season throughout the whole 
year, and the success which has resulted 
has compelled the Paris, Lyons and Me- 
diterranean Company to operate their 
many services in this district throughout 
the year instead of only during the win- 
ter season as hitherto. The various Cor- 
niche roads between Marseilles and the 
Italian frontier are covered by the long- 
distance services; Between St. Raphael 
and Cannes the Paris, Lyons and Mediter- 
ranean Railway, in conjunction with the 
Touring Club of France, have construct- 
ed a wide coast road known as the « Cor- 
niche d’Estérel >», which has made acces- 
sible some of the most recondite sites of 
beauty on the whole of the Cote d’Azur. 
Services are operated daily between Mar- 
seilles and Nice. The first of these leaves 
both termini at 7.45 a. m., and reaches its 
destination at 7.45 p, m., stops for lunch 
being made at Cavaliere on each journey. 
A second service on the same route 


— 606 — 


Fig. 2: — A fourteen-seater semi-enclosed motor coach, with nine interior and five outside seats, 
used on the « Route des Alpes » road passenger service.on the Paris, Lyons and Mediterranean Railway. 


Fig. 3. — One of the fourteen-seater coaches employed on the « Route des Alpes » 
and the Algerian road passenger services of the Paris, Lyons and Mediterranean Railway. 


covers the distance in a day and a half, 
the passenger having the opportunity of 
staying overnight at either Toulon or 
Hyéres. On both services the fare for 
the journey (277 km. [172.1 miles]) is 


150 francs. Shorter journeys can be 
made between certain places at the rate 
of 60 c. per kilometre. Apart from 
these « Routes du Littoral » there are a 
number of local coach services between. 
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the various coastal resorts. In addition 
a large number of circular sight-seeing 
tours are organised from Nice, Cannes, 
St. Raphael, Hyéres, Toulon, ete. In 
the case of the latter services an inclu- 
sive charge is made for the complete 
trip, but in the inter-resort services, the 
fares are approximately 50 c. per kilo- 
metre with reductions for long distances. 
Marseilles is linked by road services with 
Avignon, the former city of the Popes, 
from which a large number of local cir- 
cular services are operated to Nimes, 
Arles, Les Baux, Pont du Gard, Orange 
and other picturesque towns and _ vil- 
lages. 


. Corsica and North Africa. 


In both Corsica and Algeria there are 
many services of Paris, Lyons and Me- 
diterranean autocars, special facilities 
being offered for extended tours of the 
rugged mountains of Corsica and also 
for trips well into the Sahara Desert. In 
Corsica, Ajaccio, Bonifacio and Bastia 
are the centres for the road services, 
being linked by frequent steamship ser- 
vices with both Marseilles and Nice. Cir- 
cular tours, in many cases covering two 
days, are operated to all the principal 
villages in the interior of the island. The 
fares in most of these services are 80 ¢. 
per kilometre, with the usual reduction 
being made for long distances. In Alge- 
ria many-of the longer services are oper- 
ated in conjunction with the « Compa- 
gnie Générale Transatlantique >» and with 


the Algerian State Railway (C. F. A. E.). 
The services in this colony cover all the 
popular desert oases, including Biskra, 
Touggourt, Ghardaia, Laghouat and Bou- 
Saada. Many of the tours extend over 
ten to fourteen days, giving the tourists 
ample opportunity of seeing the Sahara. 
Many local excursions are operated in 
the neigbourhood of Algiers, covering 
both the coast and the more picturesque 
points of the hinterland. 


Auxiliary services. 


The increasing popularity of the Paris, 
Lyons and Mediterranean road services 
has resulted in the introduction of spe- 
cial vans to carry the passenger’s luggage 
on many long-distance services. Facili- 
ties are afforded on all coaches for the 
transport of light baggage, but these have 
proved insufficient in many cases. Thir- 
teen of these luggage services were intro- 
duced in 1927, and the vehicles covered 
a distance of 130 000 km, (80 780 miles) 
during the year. The charge for the car- 
riage of luggage in these vans is 1 franc 
per 10 ker. (22 Ib.) per 10 km. (6.2 miles). 
The number of road passenger services 
operated by the Paris, Lyons and Medi- 
terranean concessionnaires during 1927 
was 200, covering a total route mileage 
of 10 200 km. (6 338 miles). During the 
year 210000 passengers were carried, 
and the passenger vehicles covered a 
total distance of 2531000 km. (1572 700 
miles). 


MISCELLANEOUS INFORMATION 
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1. — The World’s railways during the years 1922, 1923, 1924 and 1925. 


Austria . : 
Czechoslovakia 
Hungary 

Great Britain . 
France . 

Russia . 
Finland. 

Poland . 
Lithuania . 
Lettonia 

| Hsthonia 

Ttaly . 

Belgium 
Luxemburg 
Holland. 
Switzerland 
Spain 

Portugal 
Denmark 
Norway. 

Sweden . 
Yougoslavia 
Roumania . 
Greece . 
Albany . 

Bulgaria 

Turkey in Europe 
Malta, Jersey, Isle of Man. 


Total for Europe. 


35 823.9 


3 938.9 
8 718.0 
Diveled 

24 396.7 

33 284.8 

30 800.7 
2 665.7 
9871.9 
4938.7 
1770.8 

890.4 

12 500.9 

6 893.0 

334.3 
2440.7 
3 323.1 
9 643.9 


257.3 
68.4 


(4) According to the census of 16 June 1925. 
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228 645.5 | 236 080.5 | 237 668.7 | 238 871.8 
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32 350 
54 210 
35 870 
94 210 
242 750 
2 240 630 
150 000 
449 970 
21580 
25 410 
18 340 
119 660 
44740 
1 000 
13 210 
15 950 
195 060 
35 480 
16 600 
125 030 
173 170 
96 030 
113590 
49 040 
10 620 
39 840 
10 430 
430 


- Mileage open 
Mileage open ak we aaa 
on 34 December Area : of 1925 
COUNTRIES. a? Populations js. aie ee 
(square miles’. per per 10 000 
1922 1923 | 1924 1925 100 square | inhabi- 
miles. tants. 
I. — EUROPE. 
Miles. Round figures. Miles. 
Germany. : 
Prussia (including the Sarre) | 24 119.5| 21022.6| 214158.1| 2{ 248.2 113 750 38 795 000 | 18.7 5.5 
Bavaria (including the Pala- ; 
tinate) 5 402.38! 5485.0] 5543.5 5 513.5 29 500 7479000 | 18.7 6.8 
Saxony . . : 2003.9} 2003.9 2022.0 2 018.2 5 790 4992000 | 34.9 4.0 
Wurtemberg . 4391.9 1 393.8 4 445.5 4 427.3 7 530 2580000 | 19.0 5.5 
Baden . . 4504.4 1505.6 4508.1 1 496.9 5 830 2312000 | 25.7 6.5 
Other German States 4401.9} 4367.7] 4417.4] 4433.0 19 850 7 026 000 | 22.4 6.3 
Total for Germany. 35 778.6 | 36029.6} 36 437.1 182 250 19.8 5.7 


(4) 63 184 000 


6 535 000 
13 613 000 
8 275 000 
45 213 000 
44 744 000 
145 508 000 
3 365 000 
27 177 000 
2371 009 
4 845 000 
1 107 000 
38 756 000 
7 812 000 
267 000 

6 865 000 
3 948 000 
24 967 000 
6 033 000 


11 997 000 
17 500 000 
5 022 000 
804 000 

5 483 000 
1 000 000 
375 000 


4244 420 


472 894 000 


43555 6.7 1h 
16.4 6.4 
16.6 7 pes 
25.9 5.4 
15.6 7.5 1a 
426 s Hf 
4.9 8.4 |] 
8.0 4.4 
9.0 ie 
6.9 9.6 |p 
4.8 8.0 |} 
10.9 3.4 | 
air 8.8 
34.4 | 12.8 [fh 
7.2 3.3 |} 
22.5 9.4 jf 
5.0 4.4 
6.0 3.5 |h 
19.0 9.2 I 
1.8 8.4 
5.6 | 15.9 jf 
5.8 pe li 
6.6 4.21) 
4.0 3.9 IT 
1.8 2.3 
4.0 3.0, 
2.4 2.6m 
16 4 1D 


eee eee 
Mileage open vue ee open 
fone oie Decemb, if at the en 
COUNTRIES. ea 2g ae ka Population. | 2! 4925 
ran | P|. |=. > 4 (Square milés). 
1922 1923 1924 1925 ro Bavaro | "inbabi 
miles, tants. 
SE ED SS EE TE AS SSE ES TEE ST a ED 
Il. — AMERICA. Miles. Round figures. Miles. 
Ganadar 1 » . | 3895441.0] 59861.7] 40093.4] 40093.4} 31729880 9364000 | 1.4 | 42.8 
United States of America 
(including Alaska) . . | 252 241.4 | 254 162.6 | 250 970.7 | 250 904.9] 3625 240 106 189000 | 6.9 | 23.6 
Newfoundland. eS, Be: 950.7 952.6 952.6 952.6 162 940 263 000 | 0.6 | 36.2 
Mexico. =. -.-. ....=.. | 16443.0)| 16:443.0'| 16 4430-1" 16 443.0 757 640 14281 000 | 2.4 | 44.5 
CENTRAL AMERICA : 
Guatemalan. ose. = « 613.3 681.0 684.8 684.8 42 360 2005 000 | 1.6 3.4 
Honduras 2) eee eer 559.3 841.5 814.5 811.5 59 580 760000 | 1.3 | 10.7 
Salvador. Se (he heat 256.0 256.0 256.0 256.0 13170 1582000 | 1.9 1.6 
Nicaragua> =. 0.02. 200.0 200.0 200.4 200.4 49 150 638 000 | 0.5 3.4 
Gosta=Ricaieas. os ees 545.6 667.4 667.4 667.4 18 760 507 000: [> 3.5)8) 13-2 
Panama op rear bs a Re 297.5 469.1 469.4 469.1 28 760 446000 §| 1.6 | 10.5 
GREATER ANTILLES : 
Gubar. : 3005.0) — 3 722.7 Sulecen Sule ee. 44 210 34123000 | 8.4 | 14.9 
Dominican Republic . : 408.3 408.3 408.3 408.3 19 340 895 000 | 2.4 4.5 
is Gui uc e 22 ee eee 167.2 AicAe er ose 210.0 14 080 2028000 | 1.9 ale al 
Jamaica. . 2° =.) 198.8 200.4 200.4 205.1 4 240 858 000 | 4.8 2.4 
Porto-Ricorso5. eee: 339.9 339.9 339.9 339.9 3 440 4403000 | 9.8 2.4 
LEssER ANTILLES : 
Mairtiner que. | eee amen ce 139.4 185.2 185.8 185.8 390 244 000 | 48.4 7.6 
Barbadoes oer hs PERRO 497.8] . 497.8 497.8 A9TF.8 460 159 000 J322.2 | 31.3 
ceriaihyawe, tuhe wk eee = 408.4 Tia el ome Wi ee 473.4 1 970 382 000 | 8.9 Aiets) 
y0 0) 10) re re IAS: 19.9 140 29 000 | 17.2 6.8 
Varcinelslesiies, -.5 5: a 30 29.8 29.8 80 5 000 438.6 | 59.7 
Bahama Isles . ,. i =a Re 9.9 28 0 4 400 53 000 } 0.6 5.3 
St. Christofer (St. Kitts). = nae 16.4 416.4 80 22 000 | 20.9 Wiss} 
United States of Columbia. 925.9 1 020.3 4 020:3 +> 4 10855 495 540 5 855.000 | 0.46)- 4.9 
Venezuela. oie F 659.9 659.9 659.9 659.9 393 990 2533000 | 0.16] 2.6 
British: Giltarden a eee 103.8 103.8 103.8 103.8 89 460 298000 | 0.16] 3.5 
Dutch *Gulatta + eee Ses 37.3 Seo 407.5 54 330 136000 | 0.16] 7.9 
Hewadore fs nee 651.8 651.8 654.8 654.8 224 220 *° 2000000 | 0.32] 3.2 
ICriteer tee matin ee { 988.4 2 075.5 2075.5] 2089.7 523 190 5550000 | 0.82] 3.7 
Gwe, kee See 1502.5 4502.5 1502.5 1 502.5 614000 | 2990000 | 0.382} 5.0 
lBrazil . . . . . - - | 48'704.2} 18'704.2| 187042) 18952.2] 3286340 133767000 | 0.6 5.6 
ACACUAY. ane. ennai Sess 308.8 308.8 308.8 517.0 171 820 1000000 | 0.82] 5.2 
pUinueaicnge ys Be We. as 4 652.9 1 652.9 4 659.4 4 659.4 72 160 4640000 | 2.3 | 10.4 
1 Cb aieeeieone 55 OE 5301.0} 5049.9) 5381.8 5 381.8 290 170 3754000 | 1.9 | 14.4 
Argentine Republic . . . | 23456.4] 23156.3] 23 482.0] 28482.0} 414150090 9847000 | 2.4 | 238.9 
Total for America. | 371 505.0 | 372 128.9 | 872 912.7 | 373 535.4 15 942 230 214 556 000 


Il. — ASIA. 


Central Russia and Siberia. 6556.2] 7083.8] 10485.7] 10550.57 6 191 370 30 712 000 

| China . awiee 6837.6} 7473.2] 7473.2] 7469.0] 4370830 | 444 200000 
| Japan, including Corea, For- wa 

mosa and Kwantung . . | 42284.1] 13409.9) 13109.9| 14032.4 262 440 84 567 000 
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COUNTRIES. 


British India . 

Ceylon . 

Persia . er a oy S 

Asia Minor, Syria, Arabia 
Wath GyPrusy caes.) 

Palestine Denes 

Portuguese Indies 

Malay States... -. .-.. 

Dutch Indies (Java, Suma- 
tra, Celebes) : 

North Borneo, Sarawak. 

Siam. AER ee Nik Mo ~ a 

Cochinchina, Camboja, An- 
nam, Tonkin . cae 

Pondicherry 

Philippine Isles . 


Total for Asia. 


IV. — AFRICA. 


Egypt (including Sudan) 
Algiers and Tunis 
Marocco : 

Belgian Congo 

South African Union 


Colonies. 


ENGLAND : 

British East Africa (in 
cluding Zanzibar) . 
Ex-German East Africa 

(Tanganyka) . 
Rhodesia . . 
Betchuanaland. . . . 
British Central Africa 

(Nyassaland). 4 oe 
Sierra-Leone 
Gold Coast . 

INT PCr Aa hayes oe 
South West Africa 
Mauritius 


Mileage open . 
on 34 December 


1922 


(1)40 494.4 
731.9 
350.4 

3 828.9 


"54.0 
1 163.2 


4 882.7 
1 422.9 
4 490.0 


4 894.0 

4 219.8 

861.9 

1 263.3 

14-475.7 


851.3 


891.7 
2 457.6 
425.4 


173.9 
334.9 
193.9 
4 125.9 
1 307.4 
133.6 


1923 | 1924 


Miles. 


1925 


(4) 38 068.5] (4) 38 068.5](1)38 571.7 


132.6] 732.6] 732.6 
350.5] 350.5 134.8 
3828.9} 3828.9] 3 828.9 
695.9} 695.9] «695.9 
54.0 54.0 57.2 
1163.2} 1163.2] 4 163.2 
1894.6] 4894.6] 2971.5 
ea 139.8 139.8 
1538.6] 4588.6] 4547.2 
4490.4] 1490.4] 4 490.4 
59.0 59.0 59.0 
809.7| 809.71» 809.7 
78 052.5] 84 294.2) 84 253.2 
4894.0) 4894.0] 4894.0 
4219.8] 4249.8] . 4 833.7 
884.9] 884.9] 884.9 

4 273.2| 1273.21 4 273.2 
14.570.4] 44°744.7| 44 744.7 
692.9] 692.9] (2) 692.9 
891.7} 4019.4] 4 022.2 
2457.6] 2471.2] 2471.2 
425.4] 425.4), 4295-4 
173.91 173.9] 173.9 
338.0} 354.8] 354.8 
193.9] 302.0] 302.0 
4425.9] 1425.9] 4 125.9 
1443.6] 1680.2] 4 680.2 
144.2] 144.2 144.2 


(4) According to a communication received from the G 


mileage of all railways in British India is as stated hereafter : 
Year ending 34 March 1923 


(?) Corrected figure. 


1924 
1925 


\ 
. . 


Area 


(square miles). 


1 892 700 
25 330 
(2) 628 240 


1 418 280 
9 000 

4 620 

514 010 


788 370 
78 960 
200 090 


270 590 
120 
115 020 


1 3614 060 
270 510 
160 240 
920 930 
472 380 


431 990 


365 110 
440 170 
275 070 


39 960 
30 890 
78 610 
336 080 
322 450 
730 


[SPREE IR ra en nr tern pace eer re a re 


Round figures. 


Mileage open 
at the end 
Population. of 1925 
per per 10 000 
{00 square | inhabi- 
miles, tants. 
Miles, 
319 647000} 2.4 3 yd 
4505 000} 2.9 1.6 
10 000 000 | 0.016} 0.42 
21 341 000} 0.32 1.8 
757 000} 7.7 9.2 
579 000} 3.5 0.9 
2448000] 2.3 Arsit 
49543000] 0.32 0.37 
889 000] 0.46} 1.6 
9724000] 0.8 At 
419 844 000] 0.5 OE. 
475 000 | 54.0 3.4 
11 414000] 0.6 Ong 
1 007 315 000} 0.5 0.8 
19949000} 0.32] 2.4 
8159000] 1.8 5.9 
4330000] 0.5 24 
74153000] 0.146] 18 
7294000} 2.4 1.6 
5945000] 0.16 : hae 
4124000} 0.32 2.5 
2 044 000 sO i) tees 
453000} 0.416] 27.8 
4212000] 0.5 1.4 
1544000] 4.4 dss 
2108000] 0.32] 1.4 | 
18071 000f 0.32] 0.6 
228000] 0.5 | 73.7 
377 000 | 19.6 3.9 


overnment of India, Railway Department, the correct open | 


37 617.9 miles. — 
38 038.5 — 
38 269.8" 


(Editorial note.) 
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COUNTRIES. 


FRANCE : 


French West Africa . 
Togo . : 
Cameroun 
French Somali 
(Abyssinia) . 

French Equator ‘ial Africa, 
Madagascar. : 
Reunion . 


ae 


PorTUuGAL : 


Angola, . 
Mozambique 


Total for Africa. 


Vv. — AUSTRALIA. 


New Zealand . 

Victoria . 

New South Wales 

South Australia . 

Queensland. 

Tasmania. . 

West Australia 

North Territory . . 

Territory of the Federal 
Capital 

Hawai (with the Isles Maui 
and Oahu) . . eater 

New Caledonia 


Total for Australia. 


RECAPITULATION. 


Europe . 
America 
Asia. 
Africa . 
Australia 


Total for the World. 


Mileage open Mileage open 


{ the end 
on 34 December "Are: > <e 
se Population. Wes 

(square miles). ai | 000 
1922 | 1923 | 1924 | 1925 {00 inure a habi- 
miles, tants. 

Miles Round figures. Miles 

1713.8] 1713.8] 1713.8] 2069.8 1 853 360 12 283 000 | 0.16 hod 
203.2 204.5 206.3 206.3 20 080 674 000 7 4.0 3.0 
192.6 246.7 282.7 282.7 166 530 3.000 00040.16 | 0.9 
495.2 495.2 495.2 495 .2 8 490 65 000 75.8 16.2 
335.6 335.6 335.6 385.6 871 040 2 854 000 | 0.03 Ae 
402.4 435.6 600.3 600.3 242 240 3 382 000 | 0.32 1.8 
78.9 18.9 189 78.9 930 173 000 | 8.5 4.5 
818.3 818.3 818.3 818.3 484 880 4 182 000 | 0.16 1) 
454.8 454.8 520.7 aye lars 294 990 3 120 000 f 0.16 tL) 
35 304.5} 35 482.2] 36 457.7] 37 481.7 9 448 690 112 382 000 | 0.32 3.4 
3041.2} 3029.3} 3084.5] 3200.4 103 900 1 426000] 3.1 22.4 
4349.4] 4377.0] 4483.3] 4483.3 87 880 4671 000} 5.4 26.8 
5443.9] 5477.5] 5654.6] 5654.6 309 430 2272 00014.8 | 24.9 
3467.3] 3488.4} 3488.4] 3488.4 380 090 543 000]41.0 | 64.3 
7022.9] 7067.0} 7067.0} T067.0}- ——670 490 855 000 f 4.4 82.6 
867.5 873.4 873.4 873.4 26 220 212 000 | 3.4 41.2 
4839.3] 4869.8} 4869.8] 4869.8 975 950 368 000F0.5 1132.2 
197.6 198.8 198.8 198.8 523 650 (4) 4000] 0.032 {497.4 
4.9 4.9 4.9 4.9 930 (4, 400040.5 42.4 
242.9 242.9 242.9 251.6 6 450 292 0004 3.9 8.7 
Bp 0 18.7 18.7 7 220 48 000 | 0.32 3.9 
29 446.6] 29 628.7) 29 986.0 30 110.3 3 092 210 7 695 000 | 1-0 39.4 
228 645.5}236 080.5 |237 668.7 |238 871.8 4244 420 472 894 000] 5.6 | 5.4 
374 505.0/372 128.9 |372 912.7 [873 535.4] 15942230 | 214556000] 2.4 | 17.4 
17 961.6] 78 052.5] 84 294.2] 84253.2] 16303940 |1007315000} 0.5 | 0.8 
35 304.5) 35 482.2] 36457.7] 37 484 .T} 9 448 690 442 382000} 0.82] 3.4 

29 446.6] 29628.7| 29986.0] 30110.3 3 092 240 76950007 1.0 | 39.4 | 
742 863 .2]'754 372.8 |758 319.3 |764 252.4 1.6 | 4.2 


49 031 490 |4 814 842000 


(4) Corrected figure. 
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[ 636 .222.4 (.42 + .44) | 


2.— A comparison of British and French train speeds. 


(The Railway Gazelle.) 


In view of the references made to railway 
speeds in the paper read recently by Mr. Ray- 
mond Carpmael before the Institute of Trans- 
port, entitled « Safety and Speed on the Rail- 
ways >, it is of interest. to compare the highest 
scheduled speeds of this country with those 
obtaining on the mainland of Europe. 
At present, Germany does not enter into any 
such comparison, as she has not yet recovered 
trom the slump in railway speed brought about 
by the late war. There are indications that 
the serious inroads made by aerial transport 
on jJong-distance railway traffic in Germany 
will soon make railway acceleration inevit- 
able, if the best-class traffic is to be retained, 
but at present average start-to-stop railway 
speeds much in excess of 50 miles per hour 
are infrequent. This reduces the speed com- 
parison to one between the railways of Great 
Britain and those of France. In France, 
there has of recent years. been a very marked 
expedition of railway services, even on lines 
which hitherto have displayed but little inte- 
rest in fast travelling. On the « Chemin de 
fer de Etat », for example, it is now possible 
to cover the 100.8 miles from Rennes to Le 
Mans in 117 minutes, at an average speed of 
51.7 miles per hour, and the 86.7 miles from 
Paris to Rouen in 102 minutes, the latter aver- 
age of 51.0 miles per hour including a severe 
slack through a tunnel now in course of re- 
construction. 


how 


It is, however, with the higher speeds that 


this article is chiefly concerned. The two 

tables reproduced give a complete list of runs 

in Great Britain and France which are sche- 
Pro 2 : duled at speeds of 58 miles per hour and over. 
Se In the British table 32 runs figure, and in the 
, French table 16 runs. Owing to the custom 
ee of slipping coaches prevalent on the Great 
Western Railway, however, certain runs_be- 
: come duplicated; if these duplications are 
ie eliminated, the number of start-to-stop runs 
= included in the British table becomes 26, as 
? several of the trains concerned make more than 


i 
~ 


one high-speed run in succession; also the ac- 
tual number of trains involved is 23, divided 
up in the proportion of 14 on the Great West- 
ern Railway to 5 London Midland & Scottish 
Railway and 4 London & North Eastern Rail- 
way trains. The mileage covered by these 23 
trains at average start-to-stop speeds of 58 : 
miles per hour and over totals 2101.9 miles; 
the proportionate division in this case is 
1 451.2 miles over Great Western Railway me- 
tals, 444.0 miles over those of the London Mid- 


land & Scottish Railway, and 206.7 over the 
London & North Eastern Railway. A corres- 


ponding analysis of the French runs gives the 
credit for 14 of the 16 high-speed journeys to 
the « Chemin de fer du Nord », and the re- 
maining two, both performed by the same 
train, to the Midi Company; out of a total 
mileage of 1686.0, the Nord claims 1 556.2 
miles and the Midi 129.8 miles. It is worthy 
of note that the Nord figure is 105 miles in 
excess of that shown by the Great Western 
Railway, which shows the highest standard of 
speed in Great Britain. 

On the « Chemin de fer du Nord » there are 
at least twelve expresses which maintain an 
average rate of 60 miles per hour for 90 miles 
or over continuously, even though certain of 
these runs do not figure in the French table 
owing to difficult portions of their journeys, 
over the sections most remote from Paris, re- 
quiring lower average speeds. For example, 
the Paris-Aulnoye, Paris-Jeumont, and Paris- 
Brussels runs are all timed at 60 miles per 
hour between Paris and St. Quentin; on the 
Paris-Dunkerque runs the allowance of 120 mi-— 
nutes in each direction over the 119.4 miles 
between Paris and Arras entails an average 
rate exceeding 60 miles per hour for more than 
100 miles of the distance; the 10 a. m. and~ 
12 noon Calais boat trains, with 110 minutes 
for the 109.1 miles to the Abbeville stop, re- 
quire an average rate of exactly 60 miles per 
hour until slowing down for the stop begins ; ms 
and the « Golden Arrow » Pullman expresses — 
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have 156 minutes on the coast-bound journey 
and 157 on the inward for the 156 1/2 miles 
between Paris and the Outreau Junction at 
Boulogne. No other railway in the world can 
equal these figures. The Great Western Rail- 
way, with the inclusion of the two down 175- 
minute runs to Exeter, timed at 60.4 miles 
per hour between Southal and Exeter, has only 
seven 60-mile per hour timings over distances 
exceeding 90 miles: the two runs just men- 
tioned, the four Bristol 2-hour trains (on the 
down journey from Paddington to Bath and 
on the up from Badminton to Paddington), 
and the 3.55 p. m. down South Wales express, 
as between Southall and Badminton. 

Many of the French runs are the more not- 
able on account of the single-headed loads car- 
ried. The full load of the « Golden Arrow », 
consisting of ten 77-foot Pullman cars and a 
bogie brake, is 500 tare tons; the 58.1-miles 
per hour average speed of this train over the 
184 miles between Calais and Paris includes 
the 8-mile ascent to Caffiers Summit, at 1 in 


125 — equal in steepness to the worst of the 
ascent up the north side of Shap Summit in 
Westmorland — and then the 60-miles per 


hour average previously mentioned between 
Boulogne and Paris, including long ascents at 
1 in 300 from Amiens to Gannes, and at 1 in 
200 from Creil to Survilliers, and service slacks 
through Abbeville and Amiens, the latter very 
severe. The « super-Pacifie » compound loco- 
motives working these trains are equal in 
weight to the rebuilt Pacific engine Enterprise, 
of the London & North Eastern Railway, and 
maintain the high speeds demanded by these 
bookings, including sustained speeds of over 
70 miles per hour on the level, despite being 
fired with briquettes. The fastest run in 
France is that of the Sud Express over the 
Midi line between Bordeaux and Dax, averag- 
ing 61.9 miles per hour, and it is worthy of 


[ 628. 145.3 (.43) ] 


comment that the haulage in this case is elec- 
tric. As regards length, the non-stop Paris- 
Dunkerque run of the boat expresses on the 
Tilbury service now just beats the previous 
Continental record of 193 miles between Paris 
and Brussels, being 193.9 miles in length. 
Tenders of very large water capacity have to 
be provided for these four lengthy runs, as no 
water-troughs are available en woute. 

From the British table it will be seen that 
in our own country there are now six daily 
runs timed from start-to-stop at over 60 miles 


per hour; the figure of six includes the Swin- - 


don-Chippenham slip journey in the Swindon- 
Bath run of the 4.30 p. m. train from Padding- 
ton to Bristol, from which the slip is detached. 
Out of the five London & North Eastern Rail- 
way journeys included in this table, three 
are made by the same express — the 2.32 a.m. 
down newspaper train from Marylebone, which 
makes three runs in succession, timed at prac- 
tically 60 miles per hour, from Brackley to 
Rugby, Rugby to Leicester, and Leicester to 
Arkwright Street, Nottingham. As showing 
to what extent present-day locomotives have 
time in hand even on such bookings as these, 
the writer has in his possession details of a 
run made-on the 3.45 p. m. from Swindon to 
Paddington, allowed 75 minutes for the 77.3 
miles’ journey, in which a late start from 
Swindon was recouped to the extent of com- 
pleting the trip in 66 minutes 12 s., or nearly 
9 minutes under schedule time, at an average 
rate of exactly 70 miles per hour throughout. 
From the safety point of view it is significant 
that the Great Western Railway, which sets 
the highest speed standard in this-country, has 
also the best record for freedom from accident, 
having suffered no mishap to a passenger train 
involving loss of life for 23 vears past, during 
the course of which most of these high-speed 
bookings have been initiated. 


3. — Effect of unsprung car weight on track wear. 


Figs. 1 to 3, pp. 617 and 618. 
(Electric Railway Journal.) 


Effects of reduction of unsprung weight on 
rail wear, particularly at joints and in special 


work, in connection with electric cars equipped 
with bevel gear drive, have been studied by the 
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Berlin, Germany, Surface Lines, which oper- 
ates a number of such cars. Measurements 
were made with a vibration meter to determine 
the extent of the blows delivered by the wheels 
of cars of about the same total weight but with 
different proportions of unsprung weight. The 
results are given in an article by Ph. Kramer, 
one of the engineers of the Berlin Surface 
Lines, and published in the issue of 28 January 
1928, of the Zeitschrift des V.d. I. 

The tests were made by operating cars of 
different types across an electric railway over 
steam railroad crossing. The electric railway 
rails at this point are flange-bearing, so the 
electric car wheels run on their flanges up to 
the point where the groove in the steam rail- 
road rail occurs. Here the electric railway 
wheels, which were of 28.4 inches diameter, in 
passing over the steam railroad groove with 
a width of 1.57 inches were able theoretically 
to drop a maximum of 0.006 inch. 

The cars tested were of the following types : 


l. A single-truck car with motors suspended 
in the usual way from the axles. The weight 
of the car empty was 24 640 lb.; the gear ratio 
was 1: 5.92; unsprung weight per axle 2 486 lb.; 
wheel diameter, 28.4 inches; wheelbase, 9 ft. 
2 in. 


2. A car similar in type, spring support, ete., 
to the one just mentioned, but with spring- 
supported motor and bevel gear with double 
reduction, The gear ratio was 1: 6.03 and 


the total weight was 26 114 lb., of which the 
unsprung weight, including gear cases and axle 
journals, was 2182 lb. per axle. The wheel 
diameters and wheelbase were the same as in 
the first car. 

3. A car mounted on two maximum traction 
trucks drawing an empty four-wheel trailer. 
The data of the maximum traction truck car 
were: wheelbase, 51 inches; truck base, 18 feet ; 
wheel diameters, 31 1/2 an 22 inches; total 
weight 33 880 lb. The trailer data were : total 
weight, 15 400 lb.; wheel diameter, 28.4 inches ; 
wheelbase, 9 ft. 2 in.; unsprung weight, 1 320 Ib. 
per axle. - 

The vibration meter, which was somewhat 
similar in design to a seismograph, registered 
the vibrations in a vertical and in two hori- 
zontal directions. The diagram (fig. 1) shows 
the result of a number of readings in which 
the ordinates are the geometrical sum of the 
vibrations in the three different directions 
(vertical and two horizontal), measured in mil- 
limeters, and the abscissas are the speeds in 
kilometers per hour. Tests were made with 
both loaded and empty cars, as shown in the 
table. It will be seen from the tests with 
empty cars that the car with bevel drive caused 
less vibration than the one with axle suspend- 
ed motors, and with loaded cars this was the 
case for speeds of more than 12 1/2 km. (7 3/4 
miles) per hour, 

Up to speeds of 34 km, (21 1/4 miles) per 
hour, the double-truck car caused considerably 


Data of cars tested. 


TYPE OF CAR. ” 


Car with axle suspended motors. . . . 


Car with axle suspended motors and 500 ker. 
(41 100 lb.) extra unsprung weight... . 


Car with beveled gear molors....... 


ass 5 di beveled gear motors with 3 tons 
CESS, Ga ao Sec ieee aco aE 


Maximum traction car........... 


Trail car with four wheels ........ 


Metric tous. | Pounds. 


AALST 26 414 


Total weight. 


Kilograms. Pounds. 
24 640 


AT 25 740 


44.87 32 144 
45.4 33 880 
1 45 400 


Extent of defiections in millimeters. 


0 4 8 i ieeeciaeliG 2 «4 28 32 36 
Speed in kilometers per hour. 

Fig. 4, — Chart showing the geometrically added deflections in the direction of the three 
components (vertical and two horizontal) for various cars at various speeds, viz.: A, 
axle-suspended motor car, empty; B, same with 500 kgr. (4 100 lb.) extra unsprung 
weight; C, beveled-gear motor car, empty; D, same with 3000 kgr. (6 600 lb.) regular 
load; EH, maximum-traction truck car; F, four-wheel trail car. 


Ver#rcal component 


ol 


Vertical cormponent 


Horizontal component - 
(paralle/ ta rail) 


imei ea Jitnseme enemies 


Horizontal component 
(parallel to rail) 


a llama ogi cama 3 snr tf-tn eterna 


Horizontal component Horizontal component 
{at 90 deg. einai {at 90 deg. to rail) 


Records made with the car trave'ing at 27 km. Records made with the car traveling at 8.8 km. 
(17 miles) an hour. : (6 1/2 miles) an hour. 


Fig. 2. — Typical records obtained with the vibration méter when a car passed over the crossing. 
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: less vibration than either of the others, though 

| the number of blows was, of course, twice that 

of the four-wheel cars. The trailer naturally 

gave the most favorable results. The data of 

the cars tested are presented in the ign sg te 

nying table. ’ 
One great merit claimed for the spring 

support of the motors is that it reduces the 

shock to the motors themselves, as compared 

with the method of supporting one end of 

the motors on the axles. Tests to deter- 

‘oy a cae mine the extent of these blows were also made 

ae Se in conjunction with the State Railway Depart- 

ment, with a somewhat different type of ma- 

chine. The cars were the same two four-— 7 

wheel cars used in the other tests and were = 

operated over the same crossing. The curves — 

reproduced show greatly reduced shocks aoe Sa 


Extent of deflections in millimeters. 


Speed in kilometers per hour. 
Fig. 3. — Comparison of the blows on the motor 
when A) it is supported on the axle and B) when the car with spring supported motors, as a z : 
pared with a car in which the motors were ier 
bevel gear. sleeved on - the m7 a Coe 
: : * : he 5% eae A 


tac See i. 
ae oe 


it is fully spring supported and equipped with 


a 


